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Abstract 
This report, prepared for the Department of Adult Services, Health and Housing in Croydon, 
London, evaluated the feasibility of retrofitting Croydon’s social housing stock with photovoltaic arrays.  
Analysis of the houses and the economic incentives available to Croydon Council and tenants led to the 
creation of a model that predicts the economic value of photovoltaic systems.  Tenant questionnaires 
revealed a strong level of support for potential solar panels as a method of lowering their rising energy 
bills.  The final business case submitted to Croydon Council recommended several solar photovoltaic 
investment options for the council. 
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Executive Summary 
Croydon’s Department of Adult Services, Health and Housing strives to deliver quality services to 
its tenants in a variety of areas.  Currently, a large portion of Croydon’s population suffers from fuel-
poverty, which means that a household spends 10% or more of its income on energy related costs.  
Croydon Council faces the challenge of finding a way to help tenants manage their overall energy costs.  
There has been a recent boom in the use of renewable energies, especially in the UK, largely consisting of 
solar photovoltaics (PV).  Solar panels can reduce the cost of energy for tenants, as well as provide a 
relatively steady income for the council through the feed-in tariff scheme.  This project focused on the 
desirability and feasibility of installing solar panels on Croydon Council’s social housing stock.  Roughly 
nine percent of Croydon residents live in council owned social housing, which is housing where tenants 
pay a portion of their living costs, and the government subsidizes the rest.  The main objectives of this 
project were to investigate the best policies and practices of previous PV projects, analyze the suitability 
of Croydon’s dwellings, investigate stakeholders’ potential concerns, and develop a professional business 
case for the council. 
Our background research on the technological and social context of our project guided our project 
in Croydon.  A major policy at the center of our project was the feed-in tariff scheme.  The UK’s feed-in 
tariff scheme provides payments to solar PV owners for all of the energy they generate, as well as an 
additional tariff for excess energy that the PV generator exports back to the electrical grid.  Other 
background information we gathered concerned public opinions towards solar panels.  We later compared 
this previous research to our own findings in Croydon.  This background information was essential for the 
completion of our project objectives. 
To meet the project objectives, we conducted interviews with council officials and outside experts 
with PV project experience to determine the best practices for solar projects.  Our team analyzed Croydon 
Council’s housing stock to determine the efficiencies of potential PV installations.  We evaluated each 
residence using Google Maps to determine the physical orientation of the roof, and calculated the 
available size for solar panels based on characteristics of the buildings that the council provided.  We 
created a questionnaire in conjunction with the council’s Resident Involvement Team in order to identify 
tenant concerns regarding possible solar PV installations.  The responses we received showed a strong 
level of support for a solar PV project in Croydon, and brought to light several concerns that tenants 
wanted the council to address.  Finally, we compiled a business case for Croydon Council in their 
standard format.  The business case described how solar PV projects align with Croydon’s Community 
Strategy.  In the business case, we outlined the different scenarios for installing solar PV panels on 
Croydon’s housing stock.  Additionally, it presented a summary of tenant feedback that we gathered 
through our surveys, and presented our recommendations for the council. 
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One purpose of the business case was to show how our recommendations could assist the council 
in achieving the long-term goals outlined in Croydon’s Community Strategy.  The main objectives of the 
Community Strategy that our business case aligns with are becoming a caring city, a sustainable city, and 
an enterprising city.  Solar PV installations would help the council meet its goal of becoming a caring city 
by lowering tenant energy bills.  Also, by reducing carbon emissions, solar PV would make Croydon a 
more sustainable city.  By taking advantage of state of the art technology to benefit the community as a 
whole, Croydon is becoming an enterprising city. 
The main risk that we identified for the council is if the arrays do not produce the expected 
income.  The council will allocate money for other projects with the assumption that the income from a 
solar project is guaranteed, so the risk is that the generated income is less than expected.  To minimize 
this risk, our business case utilized conservative estimates for energy generation and the resulting 
payments from the feed-in tariff. 
We established five potential scenarios in order to assess the rising problem of energy costs and 
fuel poverty: 
Scenario 1: Do Nothing – Do not invest in solar PV technology for Croydon’s housing stock. 
Scenario 2: All Houses – Retrofit all of the houses in Croydon’s social housing stock, regardless 
of orientation.  In this scenario, the council receives payments from the FIT and tenants benefit 
from energy bill savings. 
Scenario 3: 95% Efficiency or Higher – Retrofit the houses with orientations that would result 
in an efficiency rating of 95% or higher for solar panel installations.  In this scenario, the council 
receives payments from the FIT and tenants benefit from energy bill savings. 
Scenario 4: 90% Efficiency or Higher – Retrofit the houses with orientations that would result 
in an efficiency rating of 90% or higher for solar panel installations.  In this scenario, the council 
receives payments from the FIT and tenants benefit from energy bill savings. 
Scenario 5: Blocks – Retrofit the blocks of flats with solar panels.  In this scenario, the council 
receives payments from the FIT and the energy bill savings.  The council can complete this 
scenario in conjunction with any of scenarios two through four. 
 
After analyzing the strengths and weakness of the scenarios, we established recommendations for 
the most feasible approaches for Croydon Council, depending on what the council considers the most 
important deciding factors.  Our recommendation for the council, if they decide that helping the greatest 
number of tenants is their primary goal, is a combination of scenarios two and five.  If they wish to 
generate the largest income for their investment, we recommend scenario five.  If the council is seeking a 
balance of these two priorities and a short project lifespan, we recommend scenarios three and five.  In 
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conclusion, we found that a solar PV project would help Croydon Council achieve its goals of reducing 
tenant energy bills while still generating revenue for the council to spend on services for the community. 
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1.Introduction 
Under the 2008 Climate Change Act, the United Kingdom is committed to cutting carbon 
emissions substantially by 2050 (DECC, 2013f).  To this end, the UK government has implemented 
legislation promoting the growth of alternative energy on a large scale through the Renewables 
Obligation and on a smaller scale with a feed-in tariff (FIT) scheme.  In the years after the passing of this 
act, solar photovoltaic (PV) capacity in the UK has grown significantly from 22.5 MW at the end of 2008, 
up to 1.4 GW at the end of 2012 (DECC, 2011a; EurObserv'ER, 2012). 
The London Borough of Croydon is committed to reducing carbon emissions by encouraging the 
installation of PV arrays on social housing.  Social housing is a term that refers to residences in which 
tenants pay for a portion of their living costs, and the government subsidizes the rest through benefits 
such as lowered rents.  An essential function of social housing is that it provides affordable housing to 
low income residents, and preference for housing is given to those with the greatest need, such as 
residents who are about to lose their home or are residing in very poor conditions (Shelter England, 
2013).  Croydon Council manages over 14,000 properties, which house nearly 9% of Croydon’s 
approximately 145,000 residents (Guest-Collins, 2009; Croydon Observatory, 2013).  PV arrays installed 
on social housing would qualify for the feed-in tariff scheme, reducing the costs of energy for the tenants, 
while providing the borough with an additional avenue of funding.  The intention is to create a financially 
beneficial situation for both the borough and the tenants.  It is important to the council to reduce tenant 
fuel bills as a means of reducing fuel poverty in the borough.  A household is in fuel poverty if it spends 
more than 10% of its income on fuel for heating.  Based on this definition, in 2010, 10.9% of houses in 
the London area were in fuel poverty (DECC, 2013d). 
Fuel poverty is one of many important issues to tenants, and our project takes into account the 
wide breadth of opinions and concerns that tenants have with potential PV installations.  In addition to 
gauging these opinions and concerns, our project evaluated different scenarios in which PV installations 
would be practical.  The feasibility of new PV installations was first brought into question, in 2012, when 
the UK Government lowered the FIT rate from 43.3 pence per kilowatt hour (p per kWh) generated to 21 
p per kWh generated.  The lowered FIT rates caused the cancellation of many projects, such as a plan by 
the Leeds city council to install 1,000 solar arrays on suitable council-owned houses.  The main 
complaint associated with the project cancellations is that with the lowered FIT rates, it is no longer 
economically feasible to proceed with new solar installations (Niven, 2012). 
The objective of our project was to establish if it makes sense to retrofit PV arrays to Croydon’s 
social housing stock, and to identify different stakeholder concerns.  The practicality was determined by 
gathering data on the types of dwellings suitable for PV installations, researching the current PV policies 
and practices, conducting site analysis, and finally, developing a business model.  In order to identify the 
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concerns of the stakeholders, the group conducted surveys to gauge the opinions of the tenants.  
Additionally, the group led in-depth interviews with council officials and PV experts to help us better 
understand the technical aspects of our project.  Together, these components allowed us to develop 
several scenarios, from which we chose our recommendations for Croydon Council. 
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2.Background 
We begin this section with an overview of the London Borough of Croydon, with a focus on 
social housing in the borough and the issue of fuel poverty.  Following this is an overview of solar 
photovoltaic technology.  Next, we focus on recent trends in the global PV market.  We then discuss 
climate change policies of the United Kingdom, emphasizing major policies, such as the Renewables 
Obligation and the Merton Rule.  After that is a section on the history of the feed-in tariff scheme and its 
application in the UK.  After that is a discussion of how the FIT scheme has affected social housing in the 
London boroughs.  Next is a section on the public opinion and social implications of installing solar PV 
on social housing.  We finish with a section on Croydon Council’s benefits realization process, which 
affects the long-term success of our recommendations. 
2.1 The Borough of Croydon 
At 86.5 km
2
, the Borough of Croydon is the fifth largest borough of London by land area (LEPT, 
2010).  It is also the most populous, with 363,400 residents, as of the 2011 census (Croydon Observatory, 
2012a).  The population of Croydon is ethnically diverse, consisting of 45% black and minority ethnic 
(BME), and 55% white.  In addition, the Conservative and Labour parties politically split Croydon, where 
residents elected 37 Conservative and 33 Labour councilors in the 2010 election.  However, while the 
Conservatives won an overall majority in Croydon, Labour won a 56% majority in the less affluent and 
more ethnically diverse wards of northern Croydon (BBC, 2010; Guest-Collins, 2009).  The political 
division has a strong correlation with the economic well-being of the different wards of Croydon.  
Residents of central and southern Croydon, who typically vote for the Conservative party, are more 
affluent than the more ethnically diverse residents of the north and east, who typically vote for Labour 
(Figure 1). 
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Figure 1: Croydon Income Deprivation (Guest-Collins, 2009)  
Historically, a major employer in Croydon was Nestle, whose headquarters was located in the 
borough.  However, in 2012, Nestle announced that after 45 years in Croydon, the company was 
relocating to the nearby borough of West Sussex, taking its 840 employees with it.  Mathew Sims of the 
Croydon Chamber of Commerce called the departure a “blow to Croydon and its local economy”, but 
emphasized that the borough remained a great place for business (BBC, 2012).  Renovations and an 
expansion of the vacated building are underway to create 288 new homes in the center of Croydon (BBC 
News, 2013). 
Along with a large overall population, Croydon has a sizeable portion of its residents living in 
social housing.  Eighteen percent of Croydon’s inhabitants live in social housing, with 54% of these 
tenants living in council owned properties (Office for National Statistics, 2013).  The Department of 
Adult Services, Health and Housing (DASHH) manages the approximately 14,000 residential properties 
owned by the council (Simms, 2013).  Tenants of social housing pay up to 80% of market rents in order 
to fund new council housing developments while still providing the tenants with affordable living 
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accommodations (Montes, 2011).  Overall, DASHH allocated 28% of its 2010/11 budget to pay for 
expenses associated with housing, such as responsive repairs to the housing stock (Croydon Council, 
2011).  The department is responsible for maintaining and managing the social housing stock, and 
working to empower tenants to take an active role in managing their homes (Montes, 2011).  One way 
that DASHH aids the tenants of social housing is by working to eliminate fuel poverty in Croydon. 
2.2 Fuel Poverty 
According to the Department of Energy and Climate Change (DECC), a household is considered 
to be in fuel poverty if it is required to spend over 10% of its total income on fuel in order to maintain 
satisfactory living conditions (considered around 21 degrees Celsius for the main living area, and 18 
degrees Celsius for other rooms).  However, this definition is set to change based on a consultation by the 
Hills Review of fuel poverty.  The new definition will take into account a property’s energy efficiency, 
the current cost of energy, and the household’s income.  The new determining factor for assessing fuel 
poverty is the “fuel poverty ratio”, as defined in Equation 1: 
Equation 1 
                    
                                                      
      
 
The “modeled fuel costs” take into account spending on items such as heating water, lighting, and 
appliance usage.  The DECC classifies a household as fuel poor if its fuel poverty ratio is over 0.1.  The 
number of fuel poor citizens in England has increased substantially since 2003, from 1.2 million 
households to 3.5 million households by 2010 (Figure 2) (DECC, 2013d). 
  
Figure 2: Number of English households in fuel poverty 
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 In 2010, an estimated 16.4% of England’s population was fuel poor.  This is a slight decrease 
from 2009; however, the percentage remains higher than in recent years (DECC, 2013d).  The statistics 
for the whole of England are very similar to those for London, specifically (Figure 3).  As of 2010, the 
proportion of households in fuel poverty had almost tripled from 2003, despite having decreased from 
2009 to 2010 (UK Attorney General, 2013).   
 
Figure 3: Proportion of London households in fuel poverty 
In March of 2012, the DECC estimated that more than 560,000 households in London were fuel 
poor, with roughly 126,000 of these households in severe fuel poverty, which refers to a household that 
spends greater than 20% of its income on fuel costs.  There are many consequences of fuel poverty.  For 
example, people who are fuel poor often under-heat their homes in order to save money on their energy 
bills (DECC, 2013d).  The Marmot Review discovered that cold homes tend to “cause and exacerbate 
serious health problems including cardiovascular and respiratory diseases and are associated with mental 
health problems for all age groups” (Greater London Authority, 2012). 
The Greater London Authority identifies three major causes of fuel poverty: poor energy 
efficiency, high costs of energy, and inadequate income.  By the English system of energy efficiency 
monitoring, a house can be rated Band A-G, with Band A being the most energy efficient and Band G 
being the least.  Of the houses in Band A, only 3.8% are in fuel poverty, but 59.4% of the Band G houses 
are in fuel poverty.  This clearly shows how house energy efficiency can contribute to a household being 
fuel poor.  To combat fuel poverty, the London Borough of Haringey employed a technique called aerial 
heat mapping, to identify houses that were leaking excessive amounts of heat due to poor insulation and 
efficiency.  By identifying the worst neighborhoods, in terms of heat loss, the borough could determine 
which buildings would gain the most from improved insulation (Greater London Authority, 2012).  
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Increasingly, climbing energy costs have also contributed to the growth in fuel poverty.  Fuel 
prices have climbed quickly in relation to retail prices (Figure 4).  The rise of fuel prices did not coincide 
with comparable income growth, which has contributed to increased fuel poverty.  In social housing, 
larger households are the most at risk from rising energy costs, particularly under occupied homes.  
Under occupation refers to houses with open bedrooms, that is, bedrooms that do not have at least one 
person over age 16, two children of the same gender below age 16, or two children below age 10 living in 
them (ISOS, 2013).  These houses are more at risk from rising energy costs because tenants have to pay 
to heat the whole living space, even if they are using only a portion. 
 
Figure 4: Domestic Energy prices compared to the Retail Prices Index (DECC, 2013d) 
 An additional contributor to fuel poverty is lack of suitable income.  As expected, fuel poverty 
increases as basic income goes down.  Of the fuel poor households in London, approximately 70% are in 
the two lowest income deciles.  However, there are members of all income levels that are in fuel poverty, 
not just low income households.  More and more, fuel poverty is affecting middle income households 
(Greater London Authority, 2012).  The highest risk exists with single income households.  The 
government is employing many technologies in an effort to combat fuel poverty.  One such technology 
that many have utilized in the United Kingdom is solar photovoltaics. 
2.3 Solar Photovoltaics 
“Solar photovoltaics” or “solar PV” refers to a method of electricity generation in which solar 
cells convert sunlight, or solar radiation, into DC power.  Solar PV requires an inverter to convert DC to 
AC for grid export and use in the home.  Semiconductors capture and convert solar radiation using the 
photovoltaic effect, which refers to the process in which electrons in a semiconductor absorb the energy 
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of the photons, thus exciting the electrons to a higher energy state, making them mobile.  These electrons 
can then flow as DC power to charge a power storage device or to provide power to a home.  The power 
generated from solar PV is measured in kilowatts peak (kWp), a measurement of the maximum possible 
power that the panels can generate under ideal illumination conditions.  Installed PV arrays do not 
typically operate at their maximum rating, as the necessary conditions are only present for a short period 
on a day with ideal weather.  However, even when they are not operating at peak performance, solar 
panels produce significant amounts of power.  The photovoltaic effect has remarkable implications for 
renewable energy applications.  With advances in solar PV in the past decades, we can utilize PV arrays 
to cut our electricity bills, reduce our carbon footprint, and possibly even make a profit selling power 
back to the electrical grid (Knier, 2002). 
Solar photovoltaics can be divided into two main categories: crystalline and thin film (amorphous) 
panels.  Currently, crystalline panels are made from silicon crystals; however, other materials, such as 
graphene, are being tested and utilized for their photovoltaic properties as well.  Monocrystalline cells, 
which are made from a single silicon crystal, are relatively efficient with current efficiency levels 
between 15-24%.  A drawback of these cells is that there are gaps at their four corners because of the 
manufacturing process.  To solve this issue, companies have begun to develop “mono-like-multi” panels 
that fill in the gaps with polycrystalline cells, to increase the overall cell efficiency.  Polycrystalline cells, 
which are composed of multiple silicon crystals, are cheaper to manufacture, but less efficient than 
monocrystalline cells, with current efficiency levels between 13-18% (Solar Help, 2010; Eco Experts, 
2013).  Silicon crystals have been and are continuing to drop significantly in price, with the price 
dropping to $0.74 (₤0.49) per Watt in 2013 (Figure 5) (The Economist, 2012).  These price drops are 
making solar PV an increasingly viable option for green energy generation. 
 
Figure 5: Price of crystalline silicon panels (dollars per Watt) 
Both monocrystalline and polycrystalline cells are very rigid, limiting their ability to be placed in 
oddly shaped areas or configurations.  Amorphous panels solve this rigidity problem, as they are very 
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flexible, can be placed on a wide variety of surfaces, and do not need to be on a rigid surface.  
Amorphous, or thin panel cells, are the cheapest and least efficient of the PV types, with current 
efficiency levels of around 8%.  A characteristic of these cells is that the peak power output degrades over 
time, swifter than with crystalline cells.  The most significant loss occurs typically occurs in the first few 
months, after which losses stabilize (Solar Help, 2010; Eco Experts, 2013).  Hybrid cells utilize the 
combination of thin film and crystalline cell technologies.  Increasingly, consumers are using hybrid cells 
to achieve the best results in efficiency; however, they have a greater cost than mono or poly-crystalline 
panels (C-Changes, 2012).  The panels achieve higher efficiency ratings, up to 44%, by using an organic 
semiconductor film sprayed or laid upon a crystalline panel, allowing the panel to trap a broader spectrum 
of light (Czarnecka, 2012). 
The major factors that influence the efficiency of a solar PV installation are PV array orientation 
and tilt, solar insolation, and shading.  Array orientation refers to the direction (north, south, east or west) 
that a PV array faces.  In the northern hemisphere, the most direct sunlight comes from the south; 
however, solar panels can generate energy even on a cloudy day, so direct sunlight is not necessarily 
required.  The tilt of the PV array, with regard to the level ground, also affects the amount of direct 
sunlight that a panel will receive.  For a PV array installed at the equator, a tilt of zero degrees would be 
best, as the most direct sunlight is perpendicular to the Earth’s surface.  In the UK, if the PV arrays are 
inclined at a slope of up to 50 degrees and oriented within 30 degrees of due south, then the PV system 
will produce approximately 90% of the optimal energy output (Figure 6) (Energy Saving Trust, 2013).  A 
common misconception is that there is not enough sunlight in the UK to make solar panels a sound 
investment.  In fact, the UK receives the same amount of sunlight as parts of France and Spain, which is 
equivalent to 60% of the solar radiation received at the equator, making solar photovoltaics viable in the 
UK (SolarPanels, 2013). 
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Figure 6: PV Array efficiency vs. tilt and direction in the UK (Energy Saving Trust, 2013) 
According to the UK Energy Saving Trust, PV arrays often require little maintenance.  Leaves, 
snow, and other forms of debris can block sunlight to a cell and require removal.  In an array, regions of 
cells connect to each other in such a way that if light to one cell is blocked, additional cells will stop 
working as well.  Usually, an annual visual inspection, with responsive cleaning, is adequate to ensure 
that arrays are unimpeded by debris.  It is often the case that rain is sufficient to keep the arrays clear; 
however this is not always so.  If necessary, debris should be cleared away with warm water and a hose or 
brush.  Alternatively, a number of specialists clean solar arrays.  Another maintenance requirement is the 
replacement of the solar inverter (DC to AC conversion).  PV arrays typically have a lifespan of 25 years 
or more, but the solar inverter often needs replacing within that period at a cost of around £1,000 (Energy 
Saving Trust, 2013). 
2.3.1 Building Fires and PV Installations 
A major concern that many homeowners face is the possibility of a house fire.  Modifications to 
the home and the addition of new electronic devices amplify this risk.  There have been several incidents 
of house fires occurring in the United States due to photovoltaic systems.  The cause of the majority of 
these incidents was either faulty equipment or installations that were not properly inspected prior to being 
connected to the grid.  Many of the incidents could have been prevented if proper precautions had been 
taken.  Necessary precautions include annual cleanings and inspections to ensure that PV systems are 
working properly (Grant, 2010). 
If a fire does occur, firefighters can potentially receive electric shocks when trying to put out the 
fire.  Regardless of the time of day, solar panels generate electricity, including when the sun is down.  
Even a minimal amount of electricity flowing in the panels creates a dangerous situation for firefighters.  
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Having a cutoff switch installed on the PV installation can mitigate this hazard by allowing it to halt all 
electricity generation in the event of a fire (Cal Fire, 2010). 
2.4 Global PV Market 
The global demand for photovoltaic installations has been rising exponentially over the past 
several years, as shown by Figure 7 (Sunlight Systems, 2011).  According to BusinessGreen, global PV 
capacity is poised to exceed 100GW in 2013.  Solar technology has become popular amongst the public, 
who perceive it as a “green” or “renewable” energy source for households.  This popularity has opened 
up a new field for investors seeking low risk investments.  The market for PV installations has grown 
significantly in recent years and as a result, customers now have multiple price options when deciding to 
purchase photovoltaic systems (Cassell, 2013).  Ironically, this price variation has recently brought a 
decline in overall global revenue of the PV industry.  To be more precise, 35 GW of solar PV is expected 
to be installed in 2013, 3 GW higher than in 2012.  Total industry revenue, however, is projected to 
decrease from $77 billion in 2012 to $75 billion in 2013.  This revenue decline is steeper than the decline 
seen in recent years.  These trends of increasing numbers of PV installations and decreasing revenue are a 
significant concern for solar companies and their cost structures.  In order for solar companies to compete 
in this increasingly competitive market, companies must find a competitive advantage, which usually 
means driving down their production costs (Cassell, 2013). 
Rapid globalization of PV production is another threat that solar companies face.  Historically, 
Europe has been the world’s largest consumer of solar installations, accounting for 82% of the total 
demand for PV system installations in 2010.  The industry’s swift growth has attracted much attention 
around the globe, and Asian countries and the Americas now account for an increasingly large share of 
global PV system production.  China is quickly becoming a major player in the demand for solar PV 
installations, having installed 2.5GW in 2011 and with a goal of 10GW for 2013.  The U.S. is also 
installing large quantities of solar PV, having installed over 5GW of capacity in 2011 and 2012.  This has 
caused the proportion of global demand held by Europe to decline to 70% in 2011, and again further to 
57% in 2012 (Osborne, 2013).     
Globalization of PV production has led to an overproduction of PV arrays, which caused prices to 
drop significantly, adversely affecting many European manufacturers (Solarbuzz, 2012).  Experts predict 
that global demand from markets in the “rest of the world” will increase from 20% in 2012 to 32% in 
2013, while they predict that the European PV market will drop to 53% of total demand.  Additionally, 
after years as the world’s top solar market, Germany will fall to third place in 2013, behind China and the 
United States, with Japan and Italy following in fourth and fifth place.  Regardless of the market 
fragmentation, thanks to the industry’s globalization, the policies and incentives that any particular 
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government applies to its economy will have a less considerable impact on the global PV market (Cassell, 
2013). 
 
Figure 7: Evolution of global annual installations 2000-2011 (Sunlight Systems, 2011) 
Government subsidies have a large role in the economic development of PV markets around the 
world.  The average consumer still sees solar energy as a new, relatively untested technology riddled with 
technical and monetary uncertainties.  New markets cannot be created overnight, but require substantial 
expenditures of resources, widespread education, and appropriate incentives.  Additionally, the 
government must apply proper policies to reduce the entry barriers and increase the market’s growth. 
2.5 UK Climate Change Policy 
According to the Department of Energy and Climate Change (DECC), the United Kingdom is 
dedicated to supporting renewable energy to promote its goal of lowering carbon emissions (DECC, 
2012c).  In their 2011 business plan, the DECC states that the UK plans to cut greenhouse gas emissions 
by 80%, from the 1990 baseline, by the year 2050 (Huhne, 2011).  This goal was created with the passing 
of the 2008 Climate Change Act, which established the first legally binding climate change target in the 
world (DECC, 2013f).  To meet their goal, the government is offering financial incentives to encourage 
the installation of energy efficient technologies, and plans on investing approximately £200 billion in 
electrical infrastructure by 2020 (Huhne, 2011).  This investment is motivated in large part by another 
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goal that was set as part of the European Union’s 2009 Renewable Energy Directive.  The directive was 
the result of a meeting at which the European Union’s member countries set goals for their target shares 
of energy coming from renewable sources for 2020.  The United Kingdom set a goal of 15%, a significant 
increase in their measured share of 1.3% in 2005 (European Union, 2009).  This 15% target is lower than 
the goal of 20% set in 2002 (The Energy Review, 2002).  Despite this less ambitious goal, the United 
Kingdom remains dedicated to decreasing its carbon emissions and increasing the proportion of power it 
generates from renewable sources.  As of 2010, 7% of the energy produced in the UK came from 
renewable sources such as wind, hydro, and solar power.  The largest sources of energy were natural gas 
(48%) and coal (28%) (Figure 8) (Energy UK, 2013a). 
 
Figure 8: UK Energy Production by Source, 2010 (Energy UK, 2013a) 
2.5.1 Renewables Obligation 
The Renewables Obligation (RO) of 2002 is a major policy directive that is designed to encourage 
renewable energy generation on a large scale by requiring energy suppliers to meet targets for energy 
sourced from renewables (DECC, 2013e; Energy UK, 2013b).  Licensed energy suppliers in the UK are 
required to source a proportion of their energy from renewable sources, with this proportion being set by 
the government and increasing annually.  The Office of the Gas and Electricity Markets (OFGEM) issues 
Renewable Obligation Certificates (ROC) to electricity generators based on how much electricity they 
generate from renewable sources.  Generators sell these ROCs to energy suppliers, providing a financial 
incentive to use renewable sources.  There is no fixed value for certificates, so the price varies based on 
what suppliers are willing to pay.  Suppliers purchase ROCs to present to OFGEM in order to meet their 
obligation level as determined by the government.  If a supplier does not have enough certificates, they 
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must pay OFGEM the buyout price, a fee based on the difference between the number of certificates that 
the supplier presented and the number of certificates they were obliged to present.  As an incentive to 
suppliers to purchase ROCs, OFGEM redistributes the money it receives from the buyout fund, to 
suppliers who presented certificates, based on the quantity of certificates that the suppliers presented.  In 
order to maintain a market for ROCs and keep the Renewables Obligation program financially 
sustainable, the government sets the obligation level to ensure that the number of ROCs supplied will not 
exceed the number of ROCs that suppliers are obliged to present for a given year (DECC, 2013e). 
The obligation level of energy coming from renewable sources is determined by two calculations 
(DECC, 2012a).  The first is based on how many ROCs would need to be issued for suppliers to meet a 
fixed target of ROCs per MWh.  For 2012/2013 the target was 0.124 ROCs per MWh, and for 2013/2014 
the target is 0.134 ROCs per MWh (DECC, 2012a; DECC, 2013a).  OFGEM bases the second calculation 
on the amount of electricity from renewable sources the government expects generators will produce, plus 
an additional 10% (headroom) to maintain the ROC market.  The greater of the two calculated values is 
selected as the obligation level for the year.  For the 2012/2013 fiscal year, the second of the two 
calculations produced a higher obligation level (0.158 ROCs per MWh), so the second result was used 
(DECC, 2012a).  The obligation for 2013/2014 is 0.206 ROCs per MWh (DECC, 2013e). 
Consumers are not directly involved with the Renewables Obligation, but the RO causes 
consumers to pay higher prices for electricity.  The DECC estimated that suppliers’ compliance with the 
RO cost the average consumer £20 in 2011 (DECC, 2013e).  Overall, the RO seems to be increasing the 
use of renewable energy sources in the UK.  Both the obligation level and the number of ROCs actually 
issued have been rising steadily since the program’s inception in 2002 (Figure 9). 
 
Figure 9: Obligation Level and Actual ROCs issued by year (DECC, 2012b) 
Additionally, the number of accredited generating stations and the total accredited generating 
capacity has increased almost every year (Figure 10).  The major decline in the number of accredited 
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stations between 2009/10 and 2010/11 was due to the migration of the majority of micro-generation 
stations from the RO to the FIT scheme (DECC, 2012b). 
 
Figure 10: Accredited Stations and Accredited Generating Capacity by year (DECC, 2012b) 
While solar power does not contribute to the Renewables Obligation scheme as much as wind 
power does, the United Kingdom Government believes that solar photovoltaics (PV) could potentially 
source a large part of the country’s renewable energy (DECC, 2012b; DECC, 2012c).  Solar PV capacity 
increased from 22.5 MW at the end of 2008 to 1.4 GW at the end of 2012 (Figure 11) (DECC, 2011a; 
EurObserv'ER, 2012). 
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Figure 11: Solar PV Capacity (in MW) in the United Kingdom per year (DECC, 2011a; EurObserv'ER, 2012) 
Major factors that have contributed to the growth of the solar PV sector in the United Kingdom 
are the reduced costs of solar panels and government subsidies provided by the feed-in tariff system.  
Between summer 2011 and March 2012, the total cost of a new PV installation fell by an estimated 50%, 
making solar PV much more practical for individuals and businesses (DECC, 2012c).  The costs of solar 
PV consist of the physical product cost and the installation cost.  Physical costs have decreased as the 
volume of sales has grown, and installation costs are decreasing as companies find ways to improve the 
speed and efficiencies of installation (DECC, 2011b).  The decrease in costs is important because the 
main driver of growth in the United Kingdom’s solar PV capacity is small-scale installations, specifically 
installations with a capacity of below 50 kWp (DECC, 2012c).  Small installations have been driving 
growth in the UK because installation costs are falling, and the feed-in tariff system financially supports 
small installations. 
2.5.2 Merton Rule 
The Merton Rule is a policy developed in 2003 by the Borough of Merton, which required new 
developments to generate a minimum of 10% of their energy needs from on-site renewables (Merton 
Council, 2013).  In 2004, Croydon Council’s Unitary Development Plan introduced a “Merton Rule” 
style policy to Croydon, although Croydon modified the policy to call for a 10% reduction of carbon 
emissions from on-site renewables, rather than requiring that 10% of a building’s energy come from 
renewables (Simms, 2013).  The first project designed to meet the 10% goal in Croydon was finished in 
2005.  In Croydon, the most popular on-site technologies used to meet the 10% goal were solar water 
heating, biomass, and solar PV arrays.  In 2008, Croydon increased its “Merton Rule” policy requirement 
to 20%, but it was not strongly enforced.  This led to the “Merton Rule” policy becoming ineffective in 
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Croydon, so the council dropped it in late 2012.  The council replaced the policy with the Code for 
Sustainable Homes Level Four, which requires new buildings to have carbon emissions that are 44% 
lower than the 2006 building regulations.  This new policy is a more flexible method of achieving a goal 
similar to that of the Merton Rule (Simms, 2013).  Furthermore, as of April 6, 2012, planning permission 
is not required for roof-mounted PV arrays unless the panels would protrude more than 200 mm from the 
roof (UK Parliament, 2012).  The purpose of this policy is to make it easier to legally install new PV 
arrays on new and pre-existing buildings.  “Merton Rule” style policies exemplify the UK’s commitment 
to its goal of zero-carbon homes by 2016.  Given the falling costs of PV arrays and the financial 
incentives generated by the FIT scheme, PV arrays are becoming a more viable option to meet these 
efficiency standards. 
2.6 Feed-In Tariff 
A feed-in tariff is a mechanism designed to promote the growth of renewable energy by providing 
financial incentives for investing in renewables.  Feed-in tariffs dominate renewable energy policies in 
many countries around the world, and the UK has used one since 2008.  Under the United Kingdom’s 
feed-in tariff scheme, a person can produce their own power, with a renewable technology such as solar 
or wind, and is paid a tariff for the power generated, and an export tariff for any excess power exported to 
the grid.  The tariff rates are determined based on the system size, the type of renewable technology, 
when the system is installed, and who installed the system (the installer must be certified) (UK Gov, 
2013). 
In 1978, the US government under President Jimmy Carter first introduced the idea of a feed-in 
tariff.  He signed the National Energy Act (NEA) and the Public Utilities Regulatory Policy Act 
(PURPA) with the intention of promoting the development of alternative energy sources and encouraging 
energy conservation.  PURPA contained a provision that required utility companies to purchase energy 
produced by independent power producers (IPPs).  The rates were determined based on the avoided costs 
to reflect the cost that a utility company would incur to provide that same electrical generation (Hirsh, 
1999). 
The FIT scheme began to develop in Europe in the 1990s, initially by the German government in 
1990.  The German law required utility companies to purchase all available IPP generated electricity at 
rates based on current electricity retail prices.  Early on, the scheme ineffectively encouraged expensive 
technologies such as solar PV; however, wind power was developed extensively throughout the decade 
due to its lower cost.  In 2000, the German FIT went through major reform and now many consider it the 
world’s most effective policy for accelerating renewable energy technologies (Jacobsson & Lauber, 
2006).  Germany’s policy is often looked to as a model for interested, emerging governments.  There 
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were four main policy changes that made the German FIT successful: the purchase prices were based on 
the cost of generation from renewable sources, price guarantees were extended to 20-year periods, utility 
companies could not participate, and the rates offered declined annually (tariff digression).  By basing the 
purchase prices on the actual cost of generating the electricity and guaranteeing the payments for 20 
years, Germany turned renewables under the FIT into a financially viable investment.  Forbidding utility 
companies and implementing tariff digression both help to keep the program within a reasonable budget 
for the government.  Since the reforms, Germany has seen a 40% drop in peak electricity prices, resulting 
in a lobbying campaign funded by utilities against the FIT.  Consumer savings are estimated to be 
between €520 million and €840 million annually (Parkinson, 2012). 
2.6.1 PV Under the FIT Scheme 
The UK government adopted a FIT policy in the Energy Act of 2008.  The overall purpose of the 
act was to update the legislative framework in an effort to compete in the energy market.  The 
government intended the FIT to replace the Renewables Obligation for small-scale electricity generation.  
Several key elements make up the government’s FIT policy.  The cap on power capacity for an eligible 
renewable source is 5 MW.  There are also codes that installers must uphold, such as the REAL Code, as 
well as standards and efficiency ratings that installations must meet.  IPPs and utility companies make 
contracts to provide and sell power at specified rates.  Once the installed arrays are operational, the rates 
are fixed and the tariff paid to generators digresses over time.  This means that even if the government 
cuts the FIT rates for future arrays, installations completed prior to FIT cuts will receive their original 
rates, with the standard digression over time, for 20 years.  All British electricity consumers, including 
social tenants, subsidize the costs of the tariff, so all of their electricity rates increase slightly (OFGEM, 
2012). 
In order for an installation to be eligible for the FIT, the installer must be certified under the 
Microgeneration Certification Scheme, which is designed to ensure that renewable technologies are 
installed by companies that meet certain environmental and quality standards (Microgeneration 
Certification Scheme, 2012).  However, for most domestic installations, no planning permit is required 
(PVUpscale, 2008).  If a business, community, or individual has solar PV panels installed on their 
building, they can register the installation with a licensed supplier or OFGEM.  The supplier or OFGEM 
will then pay the owner of the PV installation a generation tariff for any electricity that is generated, and 
possibly an export tariff if any excess power is exported into the electrical grid (DECC, 2013e).  
However, the electrical grid has its limits.  According to a letter from National Grid to the DECC, the 
current electrical system could not handle more than 22 GW of power generated from solar PV unless a 
new mechanism was used to control the power output into the grid from the PV installations (National 
Grid, 2012). 
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The FIT scheme has been hugely successful in increasing the number solar PV installations since 
its implementation in 2010.  The UK’s total PV capacity increased by 1.06 GW (1,000%) between April 
1, 2010 and March 25, 2012.  Of the installed systems, 88% were small domestic installations (< 4 kW).  
The government has revised FIT rates multiple times since the scheme’s implementation in April 2010.  
The first review was announced in February 2011, and was due to a substantial increase in the number of 
installations in the first year (DECC, 2011c).  The first review resulted in a proposed reduction of 
between 38% and 51% for systems smaller than 250 kW and reductions of 72% for a stand-alone or a 
system greater than 250 kW (Table 1, Table 2). 
 
Table 1: FIT Rates from DECC as of June 9, 2011 
 
Table 2: FIT Rates from DECC as of October 31, 2011 
The government claims that the reductions were necessary to retain a rate of return of about 5%.  
Factors that caused the reduction in rates include falling installation and module costs and rising 
electricity costs.  The DECC continued to monitor and forecast the UK solar market and eventually 
proposed further reductions to the tariff and modified project size categories.  Table 3Error! Reference 
source not found. shows the results of the re-proposed tariffs. 
 
Table 3: Results from financial analysis of the case study 
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In spite of the rapid growth in PV installations in the UK since 2010, drastic changes in the global 
PV market have left many people wondering if PV systems are still a good investment.  Only one in 
every three people in the UK realizes how much money they can save on their electricity bills by 
installing solar power systems (Hall, 2013).  The average domestic PV system in the UK has a rating 
between 3.5 to 4 kWp, with the cost of an installed system ranging from £5,500 to £9,500.  OFGEM has 
estimated that electricity prices will rise 20% by 2020, causing solar panels to be increasingly appealing 
as they offer consumers reduced dependency on the national grid (Eco Experts, 2013). 
Distribution statistics demonstrate how the feed-in tariff scheme is motivating people to become 
more involved in the use of PV technology on a daily basis.  While the FIT scheme supports solar PV, 
wind, and hydro technologies, around 99% of the installations around London have been solar PV 
(OFGEM, 2012).  Although in most cases investors do not recuperate the initial capital investment for the 
next seven years, the FIT scheme gives a positive financial payback for the investor from the beginning.  
The average household in the UK can make approximately £850 per year tax free under the FIT scheme.  
Since the payback period of an average PV system is usually over seven years, it is important to note that 
the payments under the FIT scheme rise with inflation.  For PV systems that produce less than 4kWp, the 
scheme currently offers 15.44p per kWh produced and a bonus 4.64p per kWh exported to the grid.  
However, the government has proposed changes to FIT rates (Table 4Error! Reference source not 
found.) (Eco Experts, 2013).  In previous 4years, the returns were much more generous than they are 
today; nevertheless, the scheme does provide a steady revenue stream for PV owners. 
 
Table 4: Complete view of the current and propose changes to FITs scheme (Eco Experts, 2013) 
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Cherrington, Goodship, & Kirwan (2013) explore the effects of the FIT scheme on the PV market 
in the UK by conducting a financial analysis of two different solar PV installations in Cornwall, UK.  The 
study gives a detailed account of the current feed-in tariff policy and determines how the reduction in the 
FIT rates alters in overall the economics of the PV market.  In the first and second cases analyzed, the PV 
arrays received annual solar radiations of 2,403 kWh/year and 2,478 kWh/year respectively.  The case 
study determined the ROI (Return on Investment) and PBT (Payback Time) both without the reduction in 
FIT rates and with the rate reduction (Cherrington, Goodship, & Kirwan, 2013). 
Cherrington, Goodship, & Kirwan (2013) made several assumptions to simplify their financial 
calculations.  Regarding the FIT scheme, they assumed it was only valid for 25 years and that the import 
electricity cost was exactly 13.18p/kWh and an export rate of 3.1p/kWh.  Regarding the future revenue, 
the authors assumed an inflation rate of 3% per year, an increase of 8% in electricity prices per year, and 
a panel efficiency loss of 0.5% per year, all for the next 25 years.  They also assumed that there were no 
costs associated with end-of-life disposal (Cherrington, Goodship, & Kirwan, 2013) 
Table 5 shows how the installed systems, that received an initial tariff rate of 43.3p/kWh, had a 
ROI of approximately 9-10%.  The systems receiving 21.0p/kWh had an ROI of 8-9%, and finally the 
systems receiving 16.0p/kWh had an ROI of 7%.  The case study analysis concluded that the costs of 
purchasing and installing solar PV technology have declined significantly since the introduction of the 
FIT.  The results of the financial analysis show domestic PV can still achieve a healthy return on 
investment, even with a reduced FIT rate (Cherrington, Goodship, & Kirwan, 2013) 
 
Table 5: Results from financial analysis of the case study 
Factors outside the control of the UK have substantial impacts on the solar PV market.  Reduced 
installation costs and increased module efficiency make it difficult to predict future module prices.  
Typical solar panel warranties last for 25 years, suggesting longer lifespans.  Although the life expectancy 
of solar panels is greater than 25 years, prospective PV buyers must take the disposal of PV systems into 
consideration.  Altogether, these systems will account for tons of electronic scrap, which will need to be 
dealt in accordance with the Waste Electrical and Electronic Equipment (WEEE) directive.  This directive 
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was developed in 2002 and recast to include PV panels in 2012 (Cherrington, Goodship, & Kirwan, 
2013). 
Evaluating the profitability of a grid-connected photovoltaic system can be a challenging task for 
an investor.  A case study by Nofuentes, Aguilera, & Munoz (2002) presents easy-to-use charts and tables 
intended to assess the profitability of these types of PV systems.  They designed these tools to help 
investors evaluate PV investments from an economic standpoint.  This study presents two different 
economic scenarios to explain the effect of inflation on the dominant geographical PV markets.  The 
charts include different economic incentives offered by some of the countries in the Organization for 
Economic Co-operation and Development, whose main function is to remove imperfections from the PV 
market so ensure that the market is profitable.  Some examples in the case study demonstrate the 
practicality of these tools (Nofuentes, Aguilera, & Munoz, 2002). 
The UKSolarCaseStudy discusses the basic technical, economic and regulatory information of the 
existing types of PV systems (UKSolarCaseStudy, 2012).  Their website is constantly receiving data 
regarding the monthly FIT income of eight household solar PV systems located around the UK.  The site 
aims to demonstrate whether a certain PV household system is a good investment by providing 
information to prospective buyers before they decide whether to invest.  In addition, the site provides 
buyers with information regarding the different levels of efficiency.  PV owners donate data about their 
PV systems in order to help increase demand in the PV market.  The website’s creator demonstrates his 
findings by plotting the expected monthly FIT income over time.  Simultaneously, he plots the actual 
value of the FIT income to demonstrate a simple comparison between the expected and measured 
efficiencies of each of PV system used in his study.  Another useful feature of this website is that it 
graphically demonstrates the annual income earned for each kWh generated by the different PV systems.  
This will allow future customers to compare the performance of each PV system against the manufacturer 
estimates, giving customers a better understanding when selecting a PV retailer to buy the system from 
(UKSolarCaseStudy, 2012). 
2.6.2 FIT and Social Housing in Boroughs 
Traditionally, grants from energy companies and the government have funded PV retrofits for 
social housing.  With the adoption of the FIT scheme in the UK, it became possible for social housing 
associations, including borough councils, to develop PV projects with financial support from the FIT 
scheme.  Falling installation costs and high tariff payments led to a large number of planned installations 
on social housing buildings throughout London (Clark & Hay, 2012).  In fact, while fewer than 3,000 
small-scale installations had been completed by September 2011, because of the financial support 
provided by the FIT scheme, tens of thousands of projects were planned for early 2012 (Niven, 2012).  
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However, the London boroughs have some of the lowest levels of domestic PV arrays in the United 
Kingdom.  The average number of domestic PV installations per local authority for the United Kingdom 
(excluding the London Boroughs) is 940.  In the London boroughs, the average is 271, and there are five 
local authorities with fewer than 100 domestic installations (DECC, 2013c).  A notable project supported 
by the FIT scheme is the Brixton Energy project.  This project currently has two installations in the 
borough of Lambeth that are both on social housing estates (Energy for London, 2013).  According to 
Brixton Energy, the goals of the project are to create a greener future for the community by generating 
energy locally, and increasing Brixton’s energy resilience and security (Brixton Energy, 2013). 
The government weakened the financial incentives provided by the FIT in early 2012, when they 
lowered rate of 43.3p per kWh generated to 21p per kWh, causing many property owners to reconsider 
their planned PV installations (Niven, 2012).  Additionally, the government introduced new requirement 
for FIT eligibility, regarding energy performance certificate (EPC) ratings.  In order to be eligible for full 
FIT payments, buildings must have an EPC rating of ‘D’ or higher (Energy Saving Trust, 2013).  The 
government also introduced a “multi-installation” tariff rate, meaning that any organization that receives 
payments for at least 25 solar PV installations will receive only 80% of the standard tariff for new 
projects (Shankleman, 2012).  The National Housing Federation (NHF) has advocated for the government 
to make an exception for social housing, but currently there is no exemption (National Housing 
Federation, 2012).  Combined with the lower standard rates, the lack of exemption has contributed to the 
cancellation of many planned PV installations on social housing.  The Peabody Trust manages social 
housing for more than 55,000 people in London, and planned to install up to 6 MWp of PV across its 
housing stock by March 2012 (RUDI, 2012).  With the lowered FIT rates, the Peabody Trust had to 
reduce its planned installation capacity to 1.8MWp (Barraclaough, 2013).  The Leeds city council 
cancelled a plan to install over 1,000 solar panel systems on appropriate council-owned homes.  An 
estimate by the NHF put the number PV installations cancelled as a result of the lowered FIT rates at 
18,000, and the organization’s sustainable environment policy lead, Pippa Read, called future social 
housing schemes “financially unviable” (Niven, 2012).  However, it is important to note that regardless of 
the viability of future solar projects on social housing, all social housing tenants already subsidize solar 
PV projects that the government funds through the FIT and RO.  In order to finance the FIT and the RO, 
the government increased energy costs across the board in the UK, including rates for social housing 
tenants.  The cuts to the FIT rate have therefore created an interesting situation in which social housing 
tenants are funding solar PV projects for those who can afford them, while dealing with greater 
uncertainty as to whether it is financially practical for tenants to reap the benefits of the FIT for 
themselves.  The tradeoff between helping the less economically fortunate and promoting widespread use 
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of environmentally friendly technology is one of many issues associated with the use of solar PV in the 
UK. 
2.7 Societal Acceptance of Solar PV 
A 2011 YouGov general survey of approximately 1,700 British adults found that 74% of the 
respondents thought that the government should be exploring ways to increase the usage of solar power in 
the UK, compared to only 10% who felt the same for oil, and 16% for coal.  The survey also showed that 
a majority (67%) believe that solar power is a realistic way to combat climate change (YouGov, 2011).  
The DECC conducted a survey in 2012 to determine public opinions on renewable energy.  The majority 
of respondents (88%) were concerned with steep rises in energy prices in the future, and a large portion 
(48%) said they were “very concerned” rather than “fairly concerned” (40%) or “not very concerned” 
(9%).  Additionally, more than half of those surveyed were worried about being able to pay their next 
energy bill, with 18% of respondents answering that they were “very worried” about their energy bill, and 
32% were “fairly worried”.  A large majority (79%) of participants responded that they support the use of 
renewable energy for providing electricity, fuel, and heat.  When asked about specific renewable 
technologies, solar received the highest approval rating of all (82%).  Based on the information gathered 
with this survey, experts believe that renewable energy generation in the UK continues to receive strong 
public support (DECC, 2013b). 
One objective of the FIT is to tackle the problem of fuel poverty.  A household that experiences 
fuel poverty would spend more than 10% of its income on fuel.  Some tenants under-heat their homes in 
an effort to reduce energy costs (Clark & Hay, 2012).  Installing a PV array would allow a family to 
reduce fuel usage and allow more energy to be dedicated to heating tenant dwellings.  According to 
James Keirstead, the primary concern that consumers have regarding solar PV prior to installation is the 
cost of installation.  After the installation of panels, consumers tend to change their energy usage habits 
based on the varying power output of their new solar PV arrays.  In fact, most consumers actually reduce 
their energy consumption and concentrate their power usage around the times that their PV system is at 
peak generation (Keirstead, 2007).   
An inherent inequity issue with solar PV is that not all dwellings are suitable for installation, 
leaving some tenants in social housing to miss the benefits.  Tenants claim that they do not resent 
improvements to their neighbors’ homes; however, this may not be the case in practice.  Tenants who are 
waiting for standard maintenance help may be aggrieved if PV arrays are installed before their own needs 
are addressed.  This inequity issue is acknowledged by many social housing landlords as a primary reason 
not to develop new solar PV projects.  In an effort to improve equality, some landlords are taking the 
money generated from the FIT and reinvesting it in the properties that have yet to be improved.  
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However, some landlords are unsure of how or if this problem of inequality will be addressed.  In one 
instance, a landlord had increased the rent for tenants with PV arrays to counteract the inequality caused 
by reduced energy costs.  Other landlords are implementing rent increases to cover the costs for energy 
efficiency improvement projects to their housing.  Tenants were in favor of these projects as long as their 
overall expenses were unaffected or lowered (Clark & Hay, 2012).  Another potential future issue with 
solar PV is that some landlords are considering disposing of their least efficient houses, possibly causing 
a reduction in the social diversity of an area and in the stock of available housing (Clark & Hay, 2012). 
Dobbyn and Thomas classify PV users into three types (mainstream, active, and passive 
households) based on their knowledge, attitudes, and behavior regarding energy efficiency.  The 
“mainstream household” does relatively nothing to be energy efficient and has little to no knowledge 
about renewable energy, climate change, or energy efficiency techniques.  “Active households” 
understand how renewable energies work, and how to be energy efficient.  The third and final group is a 
“passive household”, which is comprised of people who have no control over the decision to install solar 
PV arrays.  Each household type has a wide range of prosperity, education levels, and energy awareness.  
The household types merely classify individuals based on their knowledge of renewables and energy 
conservation, and the control they can exert regarding the installation of renewables.  Frequently, tenants 
of social housing in the United Kingdom tend to fall into the category of “passive households” because 
they are not directly involved in the decision to procure the renewable energy technology for their homes.  
After the installation of renewable energy technology, tenants can transform into “active households” to 
further the benefits that they receive (Dobbyn & Thomas, 2005). 
According to the results of Dobbyn and Thomas’s interviews with nearly 60 people from the 
United Kingdom, very few passive householders were dissatisfied with their PV installations.  In the 
study completed analyzing the classifications of the PV users, Dobbyn and Thomas found that when the 
housing associations or councils informed passive households about their renewable technology, tenants 
were more likely to improve their energy habits.  The study considers a changed habit an improvement if 
tenants change their energy habits to better utilize the energy savings from a solar PV installation.  This 
can even include simple tasks, such as turning off electronic devices when not using them, as well as 
more complex behavioral changes, such as using power at midday, when panel output is highest.  Many 
tenants reported that they felt the need to be energy efficient because they live in a house with renewable 
energy sources (Dobbyn & Thomas, 2005).   
On the other hand, many tenants of passive households had no knowledge of how they could 
benefit from their renewable energy source.  Uninformed residents typically ignored their renewable 
energy source, and did not receive all of the possible benefits as a result.  Some tenants inadvertently 
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worked against their technology, causing them to feel that their renewable technology was ineffective.  
For example, by maximizing power usage at night, tenants make the least use of their generated power, 
and receive minimal savings on their energy bills (Dobbyn & Thomas, 2005).  Under older energy 
sources, using power mostly at night was economically beneficial.  This is because electric companies 
offered lower rates in the evening, to incentivize consumers to focus their energy usage during hours 
when businesses were not also utilizing large amounts of power (Lumo Energy, 2013).  However, this is 
not economically beneficial for consumers with solar panels because it is cheaper to use the power 
generated by the solar panels than it is to import power from the grid, even at the reduced evening rates.  
Other misinformed residents had overly optimistic expectations for the capabilities of their renewable 
energy source, leading them to believe that their technology was malfunctioning when it failed to meet 
their expectations.  Residents who were informed of the capabilities of their renewable energy technology 
were typically more appreciative of its effectiveness.  Additionally, the people who understood the 
technology usually felt better about themselves, and felt that they were doing something good for the 
environment (Dobbyn & Thomas, 2005). 
One problem often associated with solar panel installations is that they are of questionable 
aesthetic appeal.  Solar panels stand out and are easily recognizable, so it is no surprise that some people 
express concern over the appearance of the technology.  In some cases, the visual prominence of solar PV 
arrays has created opposition to new PV installations, resulting in regulations or prohibitions against 
further projects.  For example, in 2009, the city of Santa Monica issued an ordinance requiring that PV 
installers place future solar panel arrays “in the location that is least visible from the street.”  The 
ordinance did not apply in cases where the cost significantly increased or the output of the arrays was 
significantly diminished (Fogarty, 2009).  In the UK, some people protested installations because the 
arrays were “too obtrusive and reflective” (Tozer, 2012). 
While many people find PV to be unsightly, others approve of its use due to the financial benefits 
that arrays provide.  However, many people are not fully aware of the advantages that solar panels grant.  
Bahaj and James highlighted the fact that many people do not actually know how much energy they are 
using.  As a result, many tenants exported a majority of the energy generated by their PV system.  Had 
the tenants shifted their energy consumption to coincide with peak power output of their system, they 
would have saved more money.  However, Bahaj and James state that the solar PV systems noticeably 
eased the financial burdens of tenants and show that providing educational materials is the best way to 
help tenants understand the capabilities of their equipment, thereby ensuring long-term benefits for the 
tenants (Bahaj & James, 2007). 
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2.8 Benefits Realization Management 
Croydon Council defines a benefit as “the quantifiable and measurable improvement resulting 
from an outcome which is perceived as positive by a stakeholder and which normally has a tangible value 
expressed in monetary or resource terms.  Benefits are expected when a change is conceived.  Benefits 
are realized as a result of activities undertaken to effect the change” (Snook, 2010).  The council carries 
out projects, such as this one, with the expectation that they will deliver long-term benefits to tenants and 
the council.  Unfortunately, projects are often heavily criticized for how rarely these benefits are actually 
realized.  Approximately 30-40% of projects do not deliver their intended long-term benefits.  Project 
indicators such as cost, price, and risks are quantifiable and usually monitored.  Benefits are not as easy to 
outline and quantify, and even when they are identified, they are rarely achieved.  This is because in 
many projects, the project team puts too much emphasis on deliverables and outcomes, which do not 
necessarily provide benefits (Snook, 2010).  
Benefits Realization Management (BRM) is defined as "the activity of identifying, optimizing and 
tracking the expected benefits from a business change initiative to ensure that they are achieved” (Snook, 
2010).  The main goal of BRM is to bring clarity, structure and discipline to the defining and delivering 
of the benefits from any project or business case.  This tool helps deliver services that customers want and 
will use.  It also helps gather quantifiable data that may determine whether the services are performing as 
expected.  Some benefits, such as customer satisfaction, are harder to quantify.  These benefits may be 
quantified via surveys, which will aid in the measurement of complaints, errors and operational losses, so 
that customer satisfaction is fully monitored (Snook, 2010). 
When understanding how to utilize the BRM tool for the benefit of any project, we must ensure 
that we do not confuse benefits with achieving project milestones.  Project milestones are typically 
deliverables or tangible outcomes of a project.  Benefits, on the other hand, relate to the improvements 
that the project brings to the service provided.  The example below illustrates the differences between 
these two similar concepts (Snook, 2010). 
Identifying and delivering benefits is a continuous process that runs through the complete 
lifecycle of any project initiative.  Figure 12 shows the different stages of the benefits management 
process. 
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Figure 12: Program/Project Management Stages 
As demonstrated in the figure, there are seven different stages in the benefits management 
process.  The first is the identification and mapping stage.  In the initial stage, we define the different 
project benefits, helping to shift the project’s focus onto the objectives and benefits rather than the project 
deliverables and outcomes (Snook, 2010). 
Once the different benefits are defined and mapped, a profile needs to be created for each benefit 
describing the specific details on measures, ownership, responsibilities, dependencies and timing.  These 
individual descriptions help guarantee responsibility for the delivery of the benefit.  These benefits are 
later entered into the Benefits Tracker sheet.  The third stage of the benefits management process is the 
benefit planning.  The purpose of this phase is to define what the council needs to do in order to deliver 
these benefits.  For example, it may be necessary for the council to educate new tenants who move into 
dwellings with PV installations, in order to deliver the project’s benefit of reducing tenant fuel bills.  The 
next stage has to do with benefit tracking and embedding.  The purpose of benefits tracking is to utilize 
existing measures and reports, such as current cost figures, to assist operational business units in 
successfully achieving outlined benefits.  This may also entail the implementation of new performance 
indicators.  These measures are later included into the operational management processes and systems 
(Snook, 2010). 
The last stage of BRM is communicating the success of the benefits to necessary stakeholders.  
Although often overlooked, this stage is necessary for the success of the project, because it ensures that 
all parties involved are fully aware of the project’s successes and failures.  This stage mostly takes place 
after the implementation of the project.  The key deliverable from this stage is an assessment report rating 
the effectiveness and value-for-money provided by the investment.  Recommendations are also included 
regarding the lessons learned for the benefit of future investments (Snook, 2010). 
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In conclusion, this background research aids us in evaluating the feasibility of installing solar PV 
panels on Croydon’s social housing stock.  With the rise in energy bills and costs of living, it is now more 
crucial than ever to try to lessen the financial burden on Croydon’s social housing tenants.  In order to 
assess the feasibility of a PV retrofit, the group carried out the steps outlined below in the methodology. 
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3.Methodology 
3.1 Introduction 
The overall goal of this project is to evaluate the desirability and feasibility of retrofitting 
photovoltaic arrays on Croydon’s social housing stock.  This includes writing a business case that 
outlines how Croydon Council can generate a return through different investment scenarios, while still 
reducing CO2 emissions and helping residents save on their energy bills.  The objectives of the project are 
to: 
1. Investigate the history and current policies and practices in the United Kingdom, with emphasis 
on Croydon, regarding the use of photovoltaic panels on residential housing in general and social 
housing in particular; 
2. Identify the number, type, and location of social housing units suitable for PV installations in 
Croydon; 
3. Evaluate stakeholder, specifically the council and its tenants, concerns about the installation of PV 
arrays on social housing units; 
and, 
4. Develop a professional business case that presents the social and economic advantages and 
disadvantages, for the council and tenants, of installing solar PV panels on social housing. 
In order to meet these objectives, we used several different methods including desk-based 
research, surveys, and in-depth interviews.   
3.2 Objective 1: Investigate past and current policies and practices 
 In order to determine the feasibility and desirability of installing photovoltaic panels in the 
London Borough of Croydon, we investigated the policies, practices, and lessons learned regarding solar 
PV installations in the United Kingdom in general, and other London boroughs in particular.  We built on 
the research conducted for our literature review by examining additional policy documents and 
publications that were not available to us in the United States.  These mainly included documents that the 
council staff identified for us during in-depth interviews. 
Our team conducted in-depth interviews with council officials and members of the private sector 
who had experience planning solar PV installations on social housing.  We identified interviewees 
through discussion with our sponsors at Croydon Council and referrals from other interviewees.  In this 
manner, we constructed a snowball sample of key interviewees.  The interviews consisted of at least two 
of our group members meeting with an expert for approximately thirty minutes and discussing the lessons 
the expert learned when they worked on their solar PV project.  One group member typically led the 
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interview and asked the majority of the questions, while the second group member primarily took notes, 
but asked any questions that they felt the first group member had overlooked.  The principal goal of these 
interviews was to identify any best practices that the experts could suggest about potential PV projects as 
well as any major issues that they encountered on their project.  Additionally, we were able to learn what 
reactions tenants had to the experts’ previous PV installations.  The script that we followed for our expert 
interviews is included in Appendix C. 
3.3 Objective 2: Identify the dwellings suitable for PV installations 
Identifying the housing structures suitable for PV installations was a vital step in our project.  We 
accomplished this through collaboration between our group and council officials.  In order for us to 
consider a dwelling suitable for retrofit, it had to meet ours and the council’s expectations that it could 
earn income through the FIT, reduce CO2 emissions, reduce tenant fuel bills, and provide the services in a 
cost effective manner.  To help us identify suitable buildings, members of DASHH provided a 
spreadsheet containing information for roughly 14,000 council owned dwellings.  The most relevant 
information included in this document was postal codes and addresses, approximate floor space, roof 
types, and age ranges of the buildings.  We used postal codes and addresses to locate the buildings in 
Google Maps, at which point we identified and assessed the roof orientation using the Solar Panels UK 
suitability checker.  The suitability checker is a graphic tool that divides a Google Maps satellite image 
into categories describing the anticipated efficiency of a solar panel, based on its orientation (Figure 13) 
(Solar Panels UK, 2013).  We used the different color shadings on the image to break each of good, great, 
and excellent into two sections.  For example, “Great1” is further from due south than “Great2”, so 
“Great2” would have a higher efficiency.  Any houses that we could not easily identify using this tool we 
crosschecked with the Geographic Information System (GIS).  The GIS software is a visualization tool 
that provides a geographic representation of information pertaining to the council housing stock, such as 
property locations. 
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Figure 13: Solar Panels UK Suitability Checker 
Floor space, roof type and the age of the building were all key factors in determining the potential 
PV installation capacity of a building.  To determine the amount of roof space on which the council could 
install an array, we took the floor space and roof type into consideration.  The floor space of a single story 
building is roughly equivalent to the total roof space, so the available roof space for a solar installation 
would be half of the floor space.  However, a large portion of the dwellings that we dealt with have two 
stories, therefore the available roof space for a PV installation is approximately one quarter of the total 
floor space.  Different roof types also affected these calculations.  In the previous examples, we assumed 
that the house had a pitched roof, but not all of the houses had pitched roofs.  The roof types in Croydon 
include pitched, mono, hip, inverted, mansard, and flat.  These different roof types each have different 
amounts of available roof space for PV installations.  By calculating an average roof size and comparing 
the value to standard array sizes, we were able to determine the approximate capacity of PV installations 
that could fit on different houses. 
Array tilt and orientation, and solar insolation are the main factors that affect array efficiencies.  
The tilt and orientation depend mainly on the roof of the dwelling, although these can be modified based 
on the choice of array and/or mounting options in order to obtain peak PV array power output.  To learn 
what mounting methods could be feasible, we interviewed experts from other boroughs that have 
completed PV projects.  We considered building ages when estimating the roof pitch.  According to the 
council experts we interviewed, pre-WWII houses typically have steeper pitches (35-45 degrees) than 
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houses that from after WWII (25-35 degrees).  While roof pitch does not directly affect the size of 
potential arrays, it does affect the potential power output of the arrays. 
After determining the orientation and pitch of the council owned roofs, we utilized an array 
orientation chart, which showed the efficiency of a PV array’s annual power output in relation to its tilt 
angle and direction.  According to the Energy Saving Trust, the optimum solar panel position in the UK is 
to face due south with a tilt of thirty degrees.  The power output decreases as tilt angle and orientation 
deviate from thirty degrees and due south, respectively (Figure 14) (Energy Saving Trust, 2013). 
 
Figure 14: PV Array efficiency vs. tilt and direction (Energy Saving Trust, 2013) 
We compiled the orientations, ages, roof types, and building types of each dwelling that the 
council manages into an Excel Spreadsheet that neatly organizes the data in order to develop scenarios, 
which we used to accomplish Objective 4. 
3.4 Objective 3: Determine the stakeholders’ opinions towards PV technology 
A major step towards completing this objective was identifying all of the project stakeholders.  To 
do this, we met with council officials to discuss the identity of the stakeholders and their possible 
concerns.  For example, we wanted to know if tenants would object to the idea of the council installing 
PV arrays, rather than spending money elsewhere, such as on fixing windows and insulating homes.  
Along with members of the Resident Involvement Team, we determined that the best way to find the 
answer to this and similar questions was a questionnaire for tenants.  Additionally, we wanted to know if 
the other stakeholders, such as council and DASHH employees, would prefer DASHH to spend its time 
and money elsewhere.  We discussed these questions and others in our interviews with council members. 
Our team sent out questionnaires to residents of social housing in the borough.  One benefit of 
questionnaires is that they can easily reach a large audience.  Moreover, unlike interview data, the data 
gathered from questionnaires are usually quantitative rather than qualitative, making them easier to 
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analyze.  A previous IQP team sent questionnaires to the tenants of social housing in Croydon and they 
received a 19% rate of return (Hufnagle, Rashid, & Mao, 2012).  Following their example, we requested 
that the Resident Involvement Team (RIT) send the survey to a large sample of tenants that might be 
interested in the topic.  The RIT is part of Croydon Council that focuses on working with tenants to 
improve housing services and the local community (Croydon Council, 2013c).  Of the 428 surveys that 
the RIT sent to tenants, we received 54 responses, a 13% rate of return.  Our questions were mainly 
multiple-choice, allowing us to generate tables and charts based on the quantitative responses we 
received.  In the development of our questionnaire, we consulted with members of the RIT and other 
council members in order to develop our survey properly.  Our questionnaire is included in Appendix F. 
3.5 Objective 4: Develop a professional business case  
After determining the number, type and location of dwellings suitable for PV installations, our 
team developed scenarios to assess the feasibility of a PV investment in Croydon.  We presented our data 
and conclusions in a business case, using the standard Croydon business case format.  The business case 
showed the financial and social advantages and disadvantages of each scenario.  It also summarized the 
attitudes and perspectives of the various stakeholders, such as tenants and council members.  Along with 
our calculations, the concerns and stakeholder issues that we identified served as key factors in our 
recommendations to the council. 
Based on the scenarios we developed, our business case explored different socioeconomic 
outcomes that could benefit the council and the social housing tenants.  In several scenarios, we varied 
the minimum qualifications that we required installations to meet in order to limit the number of 
installations.  For other scenarios, we limited the number of installations per year based on a fixed budget 
for the council.  In the business case, we evaluated the advantages and disadvantages of each of the 
scenarios that we developed.  We based our assumptions on discussions with members of the council.  
We discuss these assumptions in Appendix H. 
3.5.1 Scenario Development 
To develop our scenarios, we discussed the necessary economic constraints with council 
members.  Furthermore, we learned that the council does not have any predetermined contracts that could 
have affected the costs we used in our business case.  Our scenarios involved many calculations including 
monetary savings for the tenants, income and costs for the council and the payback period and breakeven 
point for the project.   
To calculate the monetary savings for tenants, we first had to calculate how many kW the arrays 
generate.  The dwellings that we considered in our scenarios have six different types of rooftops that 
produce four different kW capacities.  Each roof type has a different kW capacity that yields a different 
income.  Therefore, we used an online “PV calculator” to find the average annual income and energy 
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savings that each type of roof could produce.  Also, we established a cost of installation associated with 
each roof type by comparing market prices (Solarguide, 2013).  Since there are an unequal number of 
houses with each kW capacity, our team calculated the weighted averages of the possible savings, 
incomes and costs for each roof type.  The FIT guarantees payment for 20 years, so we calculated the 
economic results of each scenario for 20 years beyond the final installation.  The business case is more 
than just an economic analysis, as it also includes the relevant social impacts of each scenario. 
3.5.1.1 Project Management  
To deal with a project of this scale, our team coordinated with many different stakeholders 
involved in the project.  According to Croydon Council’s Benefits Management Handbook, the five 
stages of project management are conception, definition, execution, control, and close (Snook, 2010).  
Our team worked with the council for the second of these five stages.  During the project conception, our 
team discussed the purpose of the project, and the potential benefits for the council and its tenants.  We 
also worked with the council to establish the tasks we had to complete and the goals they wanted us to 
accomplish.  To facilitate the project management process, Croydon Council members recommended we 
use certain project management tools, such as a benefits tracker sheet and the Croydon business case 
template.  Using the benefits tracker sheet, our team identified the expected benefits of our project, which 
the council will track if the proposed PV project proceeds.  We used the business case template to create 
the final document with our scenarios and recommendations that we delivered to Croydon Council.  
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4.Findings and Analysis 
The purpose of this section is to present the information we utilized to make an informed 
recommendation of the most desirable scenarios.  We begin by discussing Croydon’s Community 
Strategy, which all projects in the borough must align with.  Next, we analyze the responses we received 
from our tenant questionnaire.  Using this feedback, we wrote a business case for Croydon Council that 
contained several scenarios.  The scenarios are all variations of our socioeconomic model that use 
different constraints for how many arrays should be installed and how quickly.  Each scenario has social 
and economic advantages and disadvantages, which we weighed against the priorities outlined in 
Croydon’s Community Strategy when making our recommendations to the council. 
4.1 Croydon Community Strategy 
Croydon Council addresses a wide variety of issues, including protecting the environment, 
educating its residents, and housing those who cannot afford it.  While all of these differ greatly from one 
another, they all share at least one common factor; they align with Croydon’s Community Strategy.  It 
was essential that our business case align with the Croydon Community Strategy, in order to help the 
council meet their strategic goals.  The proposition of installing solar PV on some of the social housing 
stock is in line with three of the six major points of the community strategy: a sustainable city, a caring 
city, and an enterprising city (Figure 15). 
 
Figure 15: Croydon Community Strategy 
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The borough of Croydon would like to be, “a place that sets the pace amongst London boroughs 
on promoting environmental sustainability and where the natural environment forms the arteries and 
veins of the city” (Croydon Council, 2007).  Implementation of solar PV is an excellent method of 
creating sustainable energy for social tenants, while reducing each house’s carbon footprint.  Solar PV 
also effectively decreases dependence on power from the electrical grid.  This improves sustainability in 
the sense that, if the grid were to become inactive for a prolonged period, Croydon would not be entirely 
without power.  Infrastructure improvement can help improve the community’s ability to adapt and 
survive natural disasters or other national emergencies. 
Another priority that this proposed project aligns with is Croydon’s goal of being a caring city, 
which is a place where the community uses innovative ideas to tackle community problems, while 
maximizing benefits for all its residents.  PV installations would enable the council to care for its social 
housing residents by lowering their energy bills.  Electricity produced by the PV arrays can be used 
within the social homes on which they are installed.  This means that residents will not need to pull as 
much electricity from the grid, thereby lowering their energy costs.  In addition to saving the tenants 
money, the council would earn money through the FIT for all electricity produced, and for any excess 
power sold back to the grid.  The money earned through the FIT will form an additional revenue stream 
for Croydon Council, which the council uses to improve community services for all residents of Croydon. 
At the center of Croydon’s Community Strategy is the final priority that our proposal aligns with, 
to be an enterprising city.  Enterprising cities, by Croydon’s definition, “balance the opportunities 
presented by global trade and the needs of local communities by harnessing the potential offered by new 
technology and by fostering innovation and creativity right down to a neighborhood level” (Croydon 
Council, 2007).  With the decline in global PV prices, as well as the opportunity to utilize the FIT, solar 
PV is a good investment in the UK.  Additionally, with the use of solar PV, the council can address the 
community’s needs.  The UK Government is changing its benefits policies for social tenants, and, as 
previously stated, fuel poverty is on the rise.  These factors, combined with increases in rent, will surely 
affect many tenants, especially the poorest.  There is an excellent opportunity here to “harness the 
potential offered by new technology” to assist those who are most in need, while still providing a 
monetary, and environmental benefit to all residents of Croydon.  Depending on the scenario, the amount 
of money that the council generates and the tenants save will differ.  However, all of the calculations for 
our scenarios rely on the assumptions that we made for panel cost, degradation, maintenance, installations 
per year, income, and carbon savings (Appendix H). 
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4.2 Communication with Social Housing Tenants 
A major factor in assessing the feasibility of retrofitting houses with solar PV arrays is 
determining the residents’ views of solar PV.  In order to determine the tenants’ opinions, we conducted 
questionnaires.  From these, we gained valuable insight into what issues the council must address in order 
for an installation project to be successful. 
4.2.1 Tenant Questionnaire 
In order to assess the tenants’ opinions towards solar photovoltaics, we conducted a questionnaire 
for tenants, with topics including climate change, fuel poverty, and solar PV.  Our background research 
found that many UK citizens find solar panels to be “too obtrusive and reflective” (Tozer, 2012).  
However, our questionnaire found that a large plurality (41%) of respondents like the appearance of solar 
panels.  Also, more tenants had no opinion (26%) than disapproved of the appearance of solar panels 
(11%).  Tenants also expressed enthusiasm for solar PV in general, with 94% of respondents saying they 
would approve of arrays for their home, if it reduced their energy bills.  An issue that we had anticipated 
with this project was that tenants might object to the council earning money from the feed-in tariff, 
because they might feel that the council is taking advantage of them.  However, based on our 
questionnaire results, this is likely a non-issue, as over 80% of tenants approved of this revenue stream 
for the council. 
An important aspect of successfully implementing renewable technologies in social housing is 
ensuring that tenants take advantage of their technology.  Passive households in which residents do not 
make an effort to maximize the benefits of their renewable energy source typically express more 
discontent than residents who change their habits (Dobbyn & Thomas, 2005).  As such, our questionnaire 
asked tenants about their relevant behavior to determine if they were likely to adjust their habits in order 
to maximize their use of solar PV.  Not only does a large majority (96%) of tenants turn off lights and 
appliances in order to save energy, but also 89% of respondents already use energy saving technologies 
such as low energy light bulbs.  When asked if energy ratings influence their decision to purchase items 
such as washing machines and televisions, 54% answered “yes, a lot”, and 31% answered “yes, a little”.  
We have attached our complete results in Appendix G. 
4.3 Croydon Council Business Case 
A major outcome of our project was the creation of a business case in Croydon’s standard format, 
which is included in its entirety in Appendix J.  According to the Risk and Project Management Team, a 
business case must be engaging, concise, and appealing to the eye.  Additionally, it must properly focus 
on the main issue, which is the potential benefit for the tenants.  Our business case highlights potential 
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issues that the council will need to address in order to succeed with its chosen course of action.  
Moreover, the business case shows the pros and cons of the different scenarios that we developed. 
4.3.1 Development of Potential Scenarios 
In order to determine the feasibility of installing solar PV panels on Croydon’s social housing 
stock, we organized the houses according to their attributes.  Using the council’s Excel spreadsheet, the 
group examined each property’s roof orientation, which governs the efficiency of each solar panel 
installation.  A system’s efficiency ties into the feasibility of its installation, because lower efficiencies 
make arrays less desirable.  Table 6 shows an example of the primary information used in the analysis of 
Croydon’s housing stock. 
Archetype Age Range Dwelling Type Roof Type 
Roof 
Orientation PV Quality 
House 1900-1944 
TYPE OF 
DWELLING,HOUSE,SEMI-
DETACHED 
MAIN ROOF,HIP,CONCRETE 
TILE SW Great1 
House Pre 1900 
TYPE OF 
DWELLING,HOUSE,MID 
TERRACED MAIN ROOF,GABLE,NAC SLATE WSW Good2 
House 1900-1944 
TYPE OF 
DWELLING,HOUSE,SEMI-
DETACHED MAIN ROOF,HIP,CLAY TILE S Excellent2 
Bungalows 1945-1970 
TYPE OF 
DWELLING,BUNGALOW,DETAC
HED 
MAIN ROOF,GABLE,CONCRETE 
TILE SSE Excellent1 
House 1900-1944 
TYPE OF 
DWELLING,HOUSE,MID 
TERRACED 
MAIN ROOF,GABLE,CONCRETE 
TILE SE Great2 
House Pre 1900 
TYPE OF 
DWELLING,HOUSE,SEMI-
DETACHED 
MAIN ROOF,GABLE,CONCRETE 
TILE W Good1 
Table 6: Orientation Sheet Example (Appendix I) 
 Each of the categories displayed in Table 6 has some of the most important information needed 
for the analysis.  Archetype, dwelling type, and roof type provide the general size of the dwelling, 
allowing us to calculate the effective roof space, which we used to approximate the maximum size of a 
system for the residence.  Age range and roof type allowed the group to determine the relative roof pitch.  
According to council experts, pre-World War II homes tend to have a steeper roof pitch, between 35 and 
45 degrees, whereas post-World War II dwellings have a shallower pitch, between 25 and 35 degrees. 
Using the archetype and dwelling type as constraints, the group compiled a list of floor spaces, 
which we used to calculate the average floor space for each archetype and dwelling type combination.  
We then used a simple calculation to approximate the roof space, based on the floor space, for each roof 
type.  For example, a detached house has an average of around 130 square meters of floor space.  Houses 
tend to have two floors, so we divided the floor space by two, in order to calculate the total area of a 
pitched roof.  However, only one of the two faces of the pitched roof is suitable for PV arrays, so we 
divided the total roof area in half.  This means that for a detached house with a pitched roof, the available 
roof area for solar panels is equal to one fourth of the total floor area.  Each combination of dwelling and 
roof type will have its own similar calculation, based on the typical structure of the building and roof. 
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4.3.2 Comparison of Scenarios 
Using the information from the Excel sheet, we developed scenarios that give the two extremes, 
covering all or none of the houses, and several options in between.  Table 7 lists the five main scenarios 
with their associated advantages and weaknesses.  This table provides a quick summary of each of our 
five main scenarios, including the total number of installations associated with each scenario.  Moreover, 
we present the main advantages and weaknesses of each scenario. 
Scenario: Short Description Main Advantages  Main Weaknesses 
1 Do nothing: 
No PV systems are installed 
 
Number of houses: 0  
 Budget can be allocated elsewhere 
 No immediate cost  
 No disruption to tenants 
 No negative tenant publicity 
 No risk 
 No tenant energy bill 
reduction 
 No positive publicity 
 No carbon reduction 
 No long term revenue 
stream 
 
 
2 All houses: 
PV systems are installed on all 
council houses 
 
Number of houses: 5337 
 Helps the largest tenant population 
reduce their energy bills 
 Highest carbon reduction level 
 No inequality issues 
 Smallest council profit 
 Longest payback period 
 Largest disruption to 
tenants 
 Most expensive scenario  
 Highest financial risk 
3 Excellent Installations only:  
PV systems are installed on 
houses that face within 25 
degrees of due south 
 
Number of houses: 1243 
 Highest profit for the council 
 Shortest payback period 
 Minimal disruption to tenants 
 Short installation process 
 Small financial risk 
 Highest inequality 
 Assist fewest tenants 
 Low carbon reduction 
 May negatively affect 
neighbouring property 
values 
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Great Installations and Better: 
PV systems are installed on 
houses that face within 60 
degrees of due south 
 
Number of houses: 3619 
 Rate of return, carbon reduction, number of tenants assisted, tenant 
disruption, payback period, financial risk, profit and inequality are all 
between the levels of scenarios 2 and 3 
5 Blocks 
PV systems are installed on 
blocks of apartments 
 
Number of blocks: 1126 
 Highest profit for the council 
 Council earns money from FIT and 
saves on electricity bills 
 Minimal disruption to tenants 
 Short installation process 
 Small financial risk 
 Tenants do not directly 
receive any savings 
 Assist fewest tenants 
 Low carbon reduction 
Table 7: Scenario Analysis 
Scenario 5 is unique in that the council can complete it in conjunction with any of the first four 
scenarios, as it only involves blocks of flats, rather than individual houses. 
4.3.3 Risks and Issues 
There are many concerns that tenants may have with potential PV projects.  These could lead to 
public opposition to the council’s plans, as well as a lack of cooperation on the part of the tenants.  Also, 
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some misconceptions may diminish the benefits that tenants could receive from their solar PV system.  
Objections that may arise with the tenants are as follows: 
 Tenants may object to the council allocating their resources for solar PV, rather than other 
projects, such as insulating houses or replacing windows 
 If only tenants with ideal roof orientations receive arrays, tenants who do not receive 
installations on their dwellings may harbor resentment 
 The installation process may be disruptive to tenant households 
 Tenants may consider monitoring equipment to be invasive 
 Tenants may not change their energy habits to maximize their energy savings 
 Tenants may increase their energy usage because they mistakenly believe that their solar 
panels provide them with all the energy they need 
The council can mitigate many of these issues by effectively educating the tenants about the 
council’s intentions for this project and the functionality of their renewable technology.  In addition to 
these issues, there are also risks that the council faces that could affect the project’s financial feasibility.  
For example: 
 The FIT rate could decrease before/during the installation process 
 Equipment could malfunction and require more maintenance than expected, causing the 
planned budget to be inadequate 
 The contracted company could go out of business, leaving the council in an uncertain position 
We weighed the likelihood and severity of each of these issues, and compared them to the results 
of our surveys when developing our recommendations for the council. 
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5.Conclusions and Recommendations 
In conclusion, the decision to proceed with a solar PV project is a rather complex one.  Solar 
photovoltaic panels have become more widely accepted in the past several years, but the effectiveness of 
the technology is not the only deciding factor.  Croydon Council will consider the potential income and 
cost for the council as well as savings for tenants when making their decision.  It is especially important 
that the tenants are not forgotten in this decision making process, as one of the council’s primary goals is 
to assist the tenants.  There is no single best solution to help the tenants while still generating income for 
the council, but we have provided recommendations to help the council accomplish their goals. 
We have developed three recommendations for Croydon Council that emphasize council income, 
tenant savings and a balanced approach.  Overall, we recommend the balanced approach as the best way 
to meet all of the council’s goals. 
5.1 Council Income 
Our first recommendation is for if the council determines that their main priority is generating the 
most income for the amount that they invest.  If this is the case, we recommend scenario five, installing 
on all of the blocks of flats, but no houses.  By installing on only blocks, the council maximizes its 
income because, in addition to receiving all of the FIT payments, the council directly saves on energy 
bills for the communal energy in the blocks.  Another benefit of these options is that there would be 
minimal interruption for tenants, because there would not be installations on individual homes.  
Additionally, the arrays on blocks are typically larger than on houses, so the council will reduce their 
carbon emissions by a larger amount for each installation than for smaller, household installations. 
One major drawback of installing on only blocks is that tenants do not directly benefit from the 
PV.  They would not immediately save on their energy bills, because the savings go directly to the 
council.  Another problem with these options is tenants may feel like the council is taking advantage of 
them in order to make money.  Our questionnaire results indicate that this may not be an issue, but if 
tenants do not directly receive any benefits from solar installations, this may become a point of 
contention. 
5.2 Tenant Savings 
Our second recommendation is for if the council determines that their main priority is assisting as 
many tenants as possible.  If this is the case, we recommend a combination of scenarios two and five, 
installing on all of the houses and blocks of flats.  In this option, the largest number of tenants receives 
the benefits of solar PV installations.  Over the lifespan of the project, tenants would save over ₤25 
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million on their energy bills.  Installing on blocks as well as houses allows the council to use arrays that 
are more profitable to help offset the cost of installing arrays on houses that may have lower efficiencies, 
but could still reduce tenant energy bills.  Also, the council would save money on communal energy bills, 
increasing the profitability of the project.  A combination of scenarios two and five also lessens the 
problem of inequality between tenants with ideal roof orientations and those with less ideal orientations, 
because the council would install arrays on all houses. 
The main problem with these scenarios is the very high cost.  With nearly 6,500 properties 
involved, we estimate that the cost of the project could approach ₤45 million.  With an annual budget of 
₤2 million, it would take around 18 years to finish the installations, at which point the council would have 
to maintain the arrays for another two decades while the feed-in tariff applies to the last installations.  If 
the council only used an annual budget of ₤1 million, they would wind up spending more money than 
they earn through the feed-in tariff.  Overall, the combination of scenarios two and five would provide the 
most tenant savings, but depending on the annual budget, it would do so over varying timescales. 
5.3 Balanced Approach 
Our third recommendation is for if the council decides that they want to balance financial gain for 
the council with tenant savings and complete the project in a relatively short period.  If this is the case, we 
recommend combining scenarios three and five, installing on houses with roofs yielding panel 
efficiencies of 96% or higher, and on blocks of flats.  This allows the council to install on over 1,200 
houses and 1,100 blocks of flats, directly helping a sizeable number of tenants.  These installations would 
reduce energy bills for tenants, and because they have such high efficiencies, they would generate a 
sizeable income for the council through the feed-in tariff.  The installations on blocks would also generate 
a significant income for the council, bringing the total income after 30 years to ₤25 million.  With the 
limited number of installations, this is a relatively inexpensive option, costing around ₤18 million over 30 
years.  Furthermore, the council could complete a project of this size in a relatively short period.  Each 
array is a better investment than if the council used houses with less ideal orientations, so the council 
saves more carbon per pound invested than in other options. 
An issue with this option is tenant inequality.  Some tenants may resent seeing their neighbors 
receive solar arrays if they themselves do not have a house with an ideal roof orientation.  Another 
disadvantage of this option is the overall carbon reduction for the borough.  By limiting the number of 
installations to around 2,300, the total carbon reduction offered by this option is less than in our 
recommendation for maximizing tenant savings. 
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Appendices 
Appendix A: Sponsor Description 
The Borough of Croydon was officially established in 1965 by the combination of the former 
county borough of Croydon and the districts of Coulsdon and Purley.  Croydon is 86.5 km
2
 (33 sq. miles), 
making it the fifth largest borough by size (LEPT, 2010).  It is located in the southern part of Greater 
London (Figure 16).  Croydon became widely known during World War I for its metalworking and as a 
prosperous market town.  Croydon suffered substantial damage during World War II, and many of the 
buildings and much of the infrastructure was rebuilt during the post-war period.  This redevelopment has 
allowed Croydon to become one of the leading boroughs in London for retail, business, finance, and 
culture.   
 
Figure 16: Croydon in relation to the other London Boroughs 
The population of Croydon has increased by 8.4% from 335,100 in 2001 to 364,800 in 2011 
(Figure 17) (Croydon Observatory, 2011; Guest-Collins, 2009). 
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Croydon is ethnically diverse, with a population that is 55% white and 45% black and minority 
ethnic (BME) groups.  The largest minorities are Black (20.2%), and Asian (16.4%)  (Figure 18). 
 
Figure 18: Croydon Demographics (Guest-Collins, 2009) 
The economic well-being of Croydon residents varies greatly between wards.  The residents of 
central and southern Croydon are typically more affluent than the more ethnically diverse residents of the 
north and east (Figure 19). 
Figure 17: Population of Croydon from 1991 to 2011 (Croydon Observatory, 2011) 
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Figure 19: Croydon Income Deprivation (Guest-Collins, 2009) 
For example, on average 14% of working age citizens claim benefits in Croydon, but the wards of 
Fieldway, New Addington, and Selhurst in the north of the borough have claims of 20% or higher (Figure 
20).  These benefits include unemployment as well as general welfare (Guest-Collins, 2009). 
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Figure 20: Croydon Working Age Benefits Claims (Guest-Collins, 2009) 
Seventy councilors are elected by votes in the 24 wards of Croydon.  The most recent election for 
these councilors was in 2010, when 37 Conservatives and 33 Labour councilors were elected (BBC, 
2010).  This was not a major change in the balance of power between the parties, as the Conservatives 
have held a majority since the 2006 elections (BBC, 2010).  It is interesting to note that while the 
Conservatives won a majority in Croydon as a whole, the Labor party won a 56% majority in the less 
affluent and more ethnically diverse wards of northern Croydon (BBC, 2010; Guest-Collins, 2009). 
The Council of Croydon is the governing body in charge of the Borough of Croydon.  The council 
has a workforce of over 10,000, including teachers in schools (Croydon Council, 2013a).  
Responsibilities of the council include providing education through the public school system, maintaining 
the streets, promoting a sense of community in the borough, and running social housing for the 
economically deprived (Croydon Council, 2013a).  This council has a cabinet-style structure with three 
distinct groups, the executive, the committees, and the scrutiny (Croydon Council, 2013a).  The executive 
group shapes policies and plans so that they are later approved by the council as a whole.  The executive 
group also guides the departmental directors on how the different services are executed.  The committees 
make decisions about specific issues such as planning, licensing and standards of behavior and conduct 
for all the council’s members.  The scrutiny group, also called the overview committee, examines all 
aspects of the council’s performance to ensure that the council executives are held accountable for their 
actions (Croydon Council, 2013a). 
 In 2010, the Government announced budget cuts for the Boroughs of London; for Croydon these 
budget cuts were ₤8.6 million (Croydon Council, 2011).  To deal with the reduced budget, Croydon 
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polled the residents of the borough to learn what issues the residents viewed as high priorities.  The 
results indicated that the residents preferred to raise money through higher charges for planning instead of 
raising the locally set council tax (Croydon Council, 2013a; Croydon Council, 2011).  With the reduced 
funding from the Government, Croydon’s operating budget for 2010/11 was ₤297.6 million (London 
Councils, 2008).  The majority of that funding was from the council tax, with the next largest portion 
coming from business rates (Figure 21) (Croydon Council, 2011). 
 
Business rates are collected by the Council of Croydon and sent to the Central Government.  The 
Central Government pools the business rates of all of the Boroughs of London and then redistributes the 
money based on the populations and needs in the boroughs (Croydon Council, 2013b).  The Council of 
Croydon spends its money on numerous services for its residents.  The three largest expenditures for the 
borough are Education, Housing, and Social Services, which each consumed more than 20% of 
Croydon’s 2010/2011 budget (Figure 22) (Croydon Council, 2011).  The money spent on social services 
includes care for the elderly and disabled, and the money spent on housing includes repairing and 
maintaining social housing (Croydon Council, 2011). 
Figure 21: Revenue from 2010/11 (Croydon Council, 2011) 
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Figure 22: Expenditures from 2010/11 (Croydon Council, 2011) 
The Department of Adult Services, Health and Housing (DASHH) manages approximately 11,000 
residential properties and a further 2,140 apartments (Croydon Advertiser, 2013).  In 2013, 18% of the 
Croydon residents lived in social housing and in four wards more than 25% of the population lived in 
social housing (Figure 23) (Office for National Statistics, 2013).  According to the DASHH 2011-2013 
service plan, the goal of the department is to ensure that social housing is well maintained and managed 
and to empower tenants to take an active role in managing their homes.  Tenants of social housing are 
charged rents of up to 80% of market rents in order to fund new housing development (Montes, 2011). 
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Figure 23: Percentage of Residents in Social Housing per Ward: 2001 (Guest-Collins, 2009) 
One particular departmental concern is to address areas of economic deprivation in northwest 
Croydon and the wards of Fieldway and New Addington in the south.  DASHH is also dedicated to 
meeting the needs of the less affluent members of the community by exploring ways to provide 
affordable housing in both the private and public sectors (Montes, 2011).  Social housing estates in the 
north of the borough are typically quite ethnically diverse but several wards, such as Waddon and North 
Addington, are less ethnically diverse and yet have high proportions of income deprived households and 
large concentrations of social housing (Guest-Collins, 2009).  In addition to being committed to providing 
high quality social housing, the borough is also committed to reducing energy consumption and costs for 
tenants and the council, thus it is interested in exploring the desirability and feasibility of placing PV 
arrays on existing social housing units. 
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Appendix B: Preamble to Expert Interviews 
Thank you for taking the time to speak with us today.  We are a group of students from WPI conducting 
research in partnership with the Department for Adult Services, Health and Housing (DASHH) and the 
Sustainable Development and Energy Team within Croydon Council.  The objective of our project is to 
develop a business case for installing solar photovoltaic (PV) arrays on the social housing stock of 
Croydon.  This business case will take into account economic and social factors that may affect any 
proposed installations.  If you feel uncomfortable at any time during this interview, you may refuse to 
answer a question or leave the interview entirely.  Your responses to the following questions will 
significantly contribute to our research. 
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Appendix C: Previous PV Experience Interview Questions 
1. Was a feasibility study conducted for the solar PV installation? 
o Who conducted this study? 
o How were the costs approximated (i.e. Panel and installation prices, insurance, etc.)? 
2. How many buildings and installations were involved? 
o Tens? Hundreds? Thousands? 
3. Who were the parties involved? 
o Was the project government or privately run? 
o Were the installations on residential or commercial buildings (or both)? 
4. What was the monetary framework of the project? 
o Was the goal to maximize income or to maximize tenant benefits? 
o (Was this / will this be) achieved? 
o What (was / is) the time period? 
5. What were some major challenges of the project? 
6. How were housing qualifications developed? 
o What made a house suitable for a PV installation? 
7. Were there tenants involved in the project? 
o Was there an attempt to involve the tenants in the planning stage? 
o What were the tenants’ reactions/responses? 
o Who involved the tenants (The council or the installers)? 
8. Were different installation/mounting methods used or investigated 
9. Did you have a commercial installer involved? 
o Did they make all of the decisions about the placement of the PV units? 
o What kinds of units were used? 
o Where did you get the units? 
o To what extent was the council involved in these decisions? 
10. Is there something we have missed? 
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Appendix D: Letter to Tenant Questionnaire 
Dear Resident 
Greetings!  We are a group of students from Worcester Polytechnic Institute (WPI) in the USA.  
We are working here, in partnership with Croydon Council, to assess the possibility of installing solar 
photovoltaic (PV) panels on some of Croydon’s council houses.  Solar PV is a technology that converts 
sunlight into electricity and can generate significant amounts of power, even in cloudy conditions. 
One of the reasons that Croydon is interested in this project is the Feed-In Tariff (FIT) 
scheme.  Under the FIT scheme, any electricity generated by solar PV can be used in the building where 
it is generated, resulting in lower electricity bills for tenants.  Anything that is not used is exported to the 
grid.  The Council would also receive a tariff for all energy generated, regardless of whether it is used in 
the home or exported to the grid.  This earns the Council money that can be reinvested in the housing 
stock. 
We would be very grateful if you could complete the attached survey on fuel bills and solar PV.  
If you would like additional information about solar PV technology, the FIT scheme, or the motivation 
for our project, see the Frequently Asked Questions overleaf.  Please let us know any concerns, opinions, 
or questions you may have about this.  Thank you. 
Sincerely, 
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Appendix E: Frequently Asked Questions Provided with Questionnaire 
What are the benefits of solar panels? 
 They lower your energy bills 
 They earn money for the council through the Feed-In Tariff 
 They reduce your carbon footprint 
How do solar panels work? 
Solar photovoltaic (PV) panels turn sunlight into electricity that powers our homes.  The stronger the 
sunlight on the panels, the more electricity is created. 
Is there enough sun in the UK for solar energy? 
Yes.  The UK receives 60% of the sunlight that you would find at the Equator, the same amount as parts 
of Spain.  Even when it is raining, solar panels still get enough light to create electricity. 
Are solar panels being used in the UK? 
Yes.  Solar panel usage increased 1000% between 2008 and 2012.  The 2008 Climate Change Act has led 
to more interest by the government in renewable technologies, such as solar panels. 
What is the Feed-In Tariff? 
The Feed-In Tariff (FIT) is a way for the council to make money with solar panels.  In addition to cheaper 
energy for you, the council will get paid for energy generated for the solar panels.  
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Appendix F: Tenant Questionnaire 
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Appendix G: Questionnaire Responses 
 
Table 8: Questionnaire Results - Part 1 
Question 1: Are you worried about climate change?
Yes, I am very worried 22
Yes, I am somewhat worried 25
No, I am not worried 6
No opinion 1
Question 2: Do you think the use of solar power is a good way to fight 
Yes 46
No 1
Don't know 2
No opinion 5
Question 3: Do you find it difficult to pay your energy bills?
No, I do not find it difficult 6
Yes, I find it somewhat difficult 24
Yes, I find it very difficult 23
I do not wish to answer 1
Question 4: Do you spend more than 10% of your income on energy bills for 
your home? (for example if your income is ₤200 per week do you spend 
more than ₤20 on your energy bills?)
Yes 45
No 2
I don't know 7
Question 5: Do you turn off lights, appliances, etc. when not in use in order 
to reduce your energy bills?
Yes 52
No 1
I don't know 1
Question 6: Does the energy rating of electrical items influence your buying 
decisions? (e.g. washing machines, televisions)
Yes, a lot 29
Yes, a little 17
Not at all 4
No opinion 4
Question 7: Do you have any energy saving equipment in your home? (e.g. 
low energy light bulbs)
Yes 48
No 4
I don't know 2
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Table 9: Questionnaire Results - Part 2 
Question 8: Would you be interested in easily monitoring the energy used 
in your home?
Yes 37
No 6
No opinion 11
Question 9: Would you approve of solar PV panels on your home if they 
lowered your energy bills?
Yes 51
No 2
No opinion 1
Question 10: Would you approve of the council earning money through the 
Feed-In Tariff to spend on improving services for you?
Yes 44
No 0
I don't know 9
No opinion 1
Question 11: What do you think of the look of solar panels?
They are appealing 22
They are unappealing 6
I don't know 12
No opinion 14
Question 12: If you move to a new home, what impact would solar panels 
on that home have on your choice?
I would be happy to have them 45
I would not be happy to have them 1
No opinion 8
Question 13: Do you have any queries about the council putting solar PV 
panels on its homes?
I have seen solar panel on a lot of homes.  I would like them even when I 
move.  What about wind turbo thingly?
Only, where their may be placed!
I would hope that it would reduce our fuel bills and any excess the council 
could sell on and I think all council property (homes/offices) should have 
solar panels so they could provide their own power and sell off unused fuel 
it doesn't use.
I think all council homes where possiable should have them its revenue for 
council and cheaper for the tennants.
I think it a good idea.  But you need to think about doing peoples kitchen 
that have been done that is need of doing.
As I am on benefits will it mean I will lose sum of them to pay for this?
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Table 10: Questionnaire Results - Part 3 
If they do, who would get the savings from the energy gains if any?
I have no problems with this idea as long as the rent/council tax doesn't 
have to go up as part of the deal.
The only thing that would worry me is the cost as im a single mum on low 
income don't think I can afford to have them.
Who pays for the istalation of these panels?  How much do you reckon it 
would save on my energy bills?  Would there be any protests from the 
neighbours?
The Council will do what they want TO DO but if solar PV panels work, here 
in Norbury, so be it.  Solar panels.  They work well in other parts of England.If these solar powers panels work I would be happy t  save bo h climate 
and money on the house I live I spend so much on the energy bills through 
out the year.
How long would it take? What dissruption would it cause?
I think they don't look very nice.
Question 14: Focus Group participation - This question has been 
disregarded because there was not enough time to complete a focus group
Question 15: How many years have you been a Croydon council tenant?
Less than 1 year 0
1 to 5 years 2
5 to 10 years 3
more than 10 years 49
Equalities
Gender
Male 16
Female 38
Age
18-24
25-34 1
35-44 11
45-54 15
55-64 10
65+ 17
Do not wish to say 1
Disability
No 31
Yes, limited a little 12
Yes, limited a lot 11
Do not wish to say 1
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Table 11: Questionnaire Results - Part 4 
  
How are you disabled
Visually 4
Hearing 5
Mobility 16
Learning 1
Communication 1
Mental Health 0
Other 9
Ethnicity
White 38
Any other white 2
Bandladeshi 2
Indian 1
Pakistani 1
Chinese 0
Any other asain 2
Black 1
African 2
Any other black 0
Mixed 1
White/African 1
White/Carribean 0
Any other mix 0
Arab 0
Any other ethnicity 2
Do not wish to say 1
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Appendix H: Business Case Assumptions 
In this section, we outline the assumptions that we made in the creation of our scenarios.  We base 
these assumptions primarily on interviews we conducted with experts with previous PV project 
experience and other various experts in the council. 
Panel Cost 
A major cost for each scenario is the cost of panel installations, which varies depending on the 
size of the array.  However, it is impractical to predict the order of array installations, so we used an 
average cost of a solar panel installation in our calculations.  To determine the average cost of a solar 
panel, we first had to get prices for different installation sizes.  Using these prices, we calculated a 
weighted average based on the number of arrays with each kW capacity, for each scenario (Solarguide, 
2013).  The array capacity for each building type was determined by comparing the typical array size to 
the average roof size, which was calculated based on the average floor area of the building type. 
Another factor used to calculate the average cost of a solar panel is the EPC rating of the council 
buildings.  In order for a building to be eligible for FIT payments, it needs to be EPC certified as D or 
better.  As such, we add cost of certification to the cost of the solar panel, because the certification is 
essential to making the solar panels economically feasible.  According to council experts, dwellings that 
receive major improvements require new EPC certifications, so we factor the cost of certification into 
every installation. 
Shared and not shared classifications are also relevant for calculating the average monitoring 
costs.  An array on an isolated building will require its own monitoring system, whereas a shared 
installation will be able to utilize a shared monitoring system.  Solar installations require monitoring 
equipment to determine if they are functioning properly.  The cost of installing monitoring systems 
applies at the time of the initial installation, so we add it in to the panel cost.  As such, the cost to install 
monitoring equipment will vary from building to building.  Our scenarios use monitoring costs based on 
estimates provided by our experts for shared and isolated buildings.  Using these estimated costs, we 
calculated a weighted average based on the number of each type of monitor, which we add to the average 
cost of the solar panel.  Calculating all of these factors gave us average array costs for our scenarios. 
Panel Degradation 
Unfortunately, solar panels do not operate at 100% efficiency for their lifetime.  Over time, solar 
panels degrade in quality at an average annual rate of 0.7% (Jordan, Smith, Osterwald, Gelak, & Kurtz, 
2010).  Using this rate, we find the monthly degradation rate by taking the 12
th
 root of 0.7%, yielding 
approximately 0.999.  We consider this when we calculate the monthly income and the monthly tenant 
savings by multiplying the previous month’s income and savings by the monthly degradation rate.  
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Manufacturers guarantee most solar panels for 20 to 25 years, but expect panels to last for several years 
beyond this (Eco Experts, 2013).  For our scenarios, we assume that the solar panels will last for the full 
duration of our model.  One cost that the council will have to consider beyond the duration of our model 
is the cost of replacement or removal of the solar panels if they deem such an action necessary. 
Maintenance 
We made several assumptions in order to calculate the maintenance costs of the arrays.  First, 
maintenance is not required immediately after panel installation.  The initial warranty for the installation 
covers repairs for the panel for a number of years.  This number is adjustable depending on the contract 
that the council secures during the procurement phase.  Additionally, maintenance is no longer required 
after the 20-year period where the panel is generating money under the FIT.  Between the start of the 
second year and a year after the final panel installation, maintenance costs increase on a month-by-month 
basis.  We calculated the monthly maintenance cost as the number of arrays installed in that month of the 
year multiplied by cost of maintenance for a single array.  We calculated the cost of maintenance for a 
single array as a weighted average of the maintenance cost for arrays shared between dwellings and those 
that are on isolated residences.  Shared buildings include terraced houses and bungalows.  Not shared 
includes semi-detached and detached houses and bungalows.  All arrays require solar inverters in order to 
function properly.  Solar inverters typically last for ten years, so we assumed that the council would need 
to replace them once during the life cycle of the project.  For our model, we assumed that the council 
would pay this cost ten years after the installation of the arrays. 
Another maintenance cost that we address is insurance costs.  One concern was that PV 
installations would cause insurance rates to rise, partially counteracting the income earned through the 
FIT.  According to an interview with a member of the insurance team, so long as the installers are 
properly certified and they complete all installations with high quality standards, there will be no extra 
risk in terms of insurance, so the rates should stay the same.  These terms would be set and agreed upon 
in the contract procurement phase.  The greatest risk would occur during the installation of the panels, 
because installers may suffer injuries while working on the roofs.  There are no added risks after 
completion of the array installations.  Now that solar PV is a tried and tested technology, with the 
completion of thousands of installations every year, insurance companies can see that there is minimal 
risk or danger. 
Installations per Year 
Another important assumption that we made was the number of possible installations per year.  
Based on our interviews of council officials, the project’s annual budget limits the number of installations 
per year.  Using the average panel costs, we calculated how many installations the council could complete 
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with various yearly budgets.  For budgets of ₤1,000,000 and ₤2,000,000, the council could complete 180 
and 360 installations respectively. 
Income from PV 
The dwellings that we considered had six different types of rooftops that compose four different 
kW capacities.  Each roof type has a different kW capacity, therefore we used an online “PV calculator” 
to find the average annual income that each kW capacity could produce (Solarguide, 2013).  PV arrays 
generate money from the FIT, as well as reducing tenant energy bills.  For our calculations, we separate 
the money saved on energy bills, as the council will not receive this benefit directly for installations on 
houses and bungalows.  Since there are an unequal number of houses with each kW capacity, our team 
calculated the weighted averages of the possible incomes and costs for each roof type.  We use these 
weighted averages in our model when calculating the monthly income and outcome that these PV systems 
generate.  Each PV system generates income under the FIT for 20 years, so our cash flow projects the 
inflow and outflow of money throughout this period. 
Carbon Savings 
 In order to calculate the total carbon savings resulting from the installation of the PV systems, we 
calculated the total kWh produced over the lifetime of each scenario.  With the total kWh known, we 
simply multiply that value by the latest grid rolling average CO2 factor, which is 0.52 kgCO2/kWh 
(DECC, 2012d).  This gave us the CO2 savings, in kg, over the life of the PV systems. 
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Appendix I: Excel Spreadsheets Submitted to Croydon Council 
Orientations PVs.xlsx is the Excel Spreadsheet that we used to record the orientations of the 
council properties. 
Orientation PVs.xlsx
 
 Scenarios Analysis.xlsx is the Excel Spreadsheet that we used to develop the scenarios for 
Croydon Council. 
Scenarios 
Analysis.xlsx
 
  
73 
 
Appendix J: Business Case Submitted to Croydon Council 
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